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Abstract 
One of the most prevalent speech impairments in idiopathic Parkinson’s 
disease (PD) is hypophonia, a reduction in intensity, which typically 
decreases intelligibility. Speech amplification devices are a potential 
solution; however, despite the availability of a broad range of devices, no 
previous studies systematically compare their efficacy in PD. This study 
examined the effects of speech task (Sentence Intelligibility Test versus 
conversation), background noise (no noise versus 65 dB SPL multi-talker 
noise), and selected devices (ADDvox, BoomVox, ChatterVox, Oticon, 
SoniVox, Spokeman, and Voicette) for 11 PD and 10 control participants, 
using outcome measures of speech intensity, speech-to-noise ratio, 
intelligibility, sound quality, and speakers’ experience. There were 
significant differences between the outcome measures for different 
device types, but experience scores did not always predict effectiveness 
according to the device hierarchy for the outcome measures. Future 
research is needed to determine performance and preference measures 
that will predict long-term device acceptance in PD. 
Keywords: Parkinson’s disease, hypophonia, speech amplification 
devices, multi-talker noise, patient preference, speech intensity, speech-
to-noise ratio, intelligibility, sound quality 
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Chapter 1 
1 Introduction 
1.1 Description of Parkinson’s disease.  
Idiopathic Parkinson’s disease (PD) is the second most common 
neurodegenerative disease, with an estimated prevalence of between 1 and 3 
per 100 people 65 years and older (Wirdefeldt, Adami, Cole, Trichopoulos, & 
Mandel, 2011). PD is a late-onset neurodegenerative disease and is 
characterized by the dysfunction of specific basal ganglia subsystems, i.e., 
dopaminergic neuron degeneration in the substantia nigra, and their associated 
sensorimotor processes, e.g., movement initiation and regulation (Adams & Jog, 
2009; Duffy, 2005; Fahn, 2003).  
A definitive diagnosis of PD requires post-mortem analysis; however, a 
clinical diagnosis of idiopathic PD is based on a positive response to levodopa 
medication and the presentation of at least two of the four cardinal symptoms: 
tremor, akinesia, rigidity, and postural instability (Braak, 2003; Darley, Aronson, & 
Brown, 1975; Dirette, 2000). Visible tremors often occur at rest and may 
commence unilaterally and progress bilaterally. Movements that are diminished 
in terms of range, complexity, speed, and force are attributed to akinesia. 
Rigidity causes parts of the body to be resistant to passive movement. Postural 
instability leads to an unsteady gait and an increased susceptibility to falls 
(Adams & Jog, 2009).  
Additional motor disturbances may arise during disease progression, 
including: dysphagia, hypomimia, micrographia, motor freezing, shuffling or 
festination of gait movements, and reduced arm-swing while walking (Darley et 
al., 1975). However, non-motoric impairments may also arise, e.g., change in 
taste and smell, depression, anxiety, fatigue, double vision, cognitive decline, 
hallucinations, delusions, constipation, sleep disturbance, drooling, and 
	  	   	  
2 
excessive sweating (Fahn, 2003; Parkinson Society Canada, 2013). Symptom 
management is of primary concern because there is no known cure for PD and 
individuals can anticipate living with the disease and its effects for 9 years post-
diagnosis (Duffy, 2005). 
Approximately 70% of individuals with PD will develop speech 
impairments, which may not be alleviated with medication, and the majority of 
these speech symptoms are diagnosed as hypokinetic dysarthria (Adams & 
Dykstra, 2009; Darley et al., 1975; Spencer, Morgan, & Blond, 2009). Dysarthria 
can involve “any or all of the basic speech processes, including respiration, 
phonation, resonance, articulation, and prosody” (Blanchet, 2002, p. 12).  
Hypokinesia refers to the physiological basis of the dysarthria, which is 
characterized by a narrowed range, slowed speed, and reduced force of speech 
articulator movements (Darley et al., 1975; Duffy, 1995). Often, this diminished 
mobility reduces the efficiency, precision, and intelligibility of the individual’s 
articulation. Darley et al. (1975) defines hypokinetic dysarthria as encompassing 
various speech disturbances, including monopitch, monoloudness, and 
imprecise consonant articulation.  
Hypophonia is a significant impairment for 40–50% of individuals with 
hypokinetic dysarthria and can manifest even in the early stages of PD (Adams & 
Dykstra, 2009; Kempler & Van Lancker, 2002). Hypophonia refers to a 
diminished speech intensity, which is generally 2–5 decibels (dB) sound pressure 
level (SPL) lower than that of healthy geriatric individuals and corresponds to a 
40% reduction in perceived speech volume (Adams, Winnell, & Jog, 2010; Fox & 
Ramig, 1997). The underlying pathophysiological mechanism may be diminished 
adductory force of the vocal folds since intensity depends in part on adequate 
subglottal pressure accumulation (Duffy, 2005). However, research suggests that 
exhibiting low speech intensity may not indicate a reduced capacity for higher 
intensities and may not predict the capacity for modulating speech intensity 
according to contextual demands. Reduced speech volume may be regarded as 
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distinct from involuntary speech volume regulation, and individuals with PD may 
exhibit higher speech intensity with the introduction of background noise in the 
environment (Adams et al, 2010; Ho, Bradshaw, Iansek, & Alfredson, 1999; Ho, 
Bradshaw, & Iansek, 2000; Moon, 2005). Thus, hypophonia may be more 
accurately attributed to a sensorimotor deficit in the self-perceived loudness of 
the individual’s speech (Ho et al., 2000). 
1.2 Speech intensity and intelligibility. 
The relationship between speech intensity and speech intelligibility can be 
investigated by measuring the signal-to-noise ratio (hereafter referred to as 
speech-to-noise ratio or SNR) (Kryter, 1994). SNR describes the relationship 
between the intensity of the speech signal and the intensity of the background 
noise, i.e., extraneous, audible acoustic energy. When the noise intensity is 
subtracted from the speech intensity, the resultant intensity value of the isolated 
speech signal is the SNR (DeBonis & Donohue, 2008).  
Speakers have a natural compensatory response to maintain a positive 
SNR, which seems to occur involuntarily (Pick, Seigel, Fox, Garber, & Kearney, 
1989). The Lombard effect refers to when speakers increase their speech 
intensity in response to an increase in background noise and is typically 
triggered when the noise intensity exceeds the threshold of 50 dB SPL. There is 
also a reverse-Lombard effect that refers to when speakers decrease their 
speech intensity if they perceive it to be louder than appropriate for the given 
environment. This excessive SNR could be caused by a sudden reduction in 
background noise, but may also be the result of amplification of the individual’s 
speech (Adams, Haralabous, Dykstra, Abrams, & Jog, 2005; Adams et al., 2006; 
Lombard, 1911; Lane & Tranel, 1971). Conditions where the speech intensity 
and noise intensity are equal (SNR = 0 dB SPL) or the noise intensity is greater 
than the speech intensity (SNR < 0 dB SPL) may impede the processing of or 
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discrimination between speech sounds, which are essential for understanding 
speech.  
Kent and colleagues (1989) define speech intelligibility as the accurate 
perception of the speech signal being transmitted. Since both the production 
and the perception of a speech signal are fundamental components of optimal 
intelligibility, the low SNR from hypophonia combined with articulatory difficulties 
associated with hypokinetic dysarthria may exacerbate reductions in speech 
intelligibility. Adams, Dykstra, Jenkins, and Jog (2008) reported that when 
individuals with PD produce an SNR below 1.8 dB SPL during a conversation 
task, speech intelligibility scores fell below 50%, i.e., less than half of the words 
in each utterance could be identified by the listener; whereas, an SNR of 5–7 dB 
SPL was associated with intelligibility scores of approximately 80%. However, 
despite some evidence that individuals with PD displayed a typical Lombard 
effect and reverse-Lombard effect, a negative relationship was found between 
SNR and background noise levels for both individuals with PD and control 
participants (Adams et al., 2008; Ho et al., 1999). This suggests that as 
background noise increases, the SNR and intelligibility decrease, and this effect 
is even more dramatic for individuals with PD who have an “overall gain 
reduction” (Adams et al., 2008) for intensity, i.e., consistently lower intensity 
relative to controls.  
Many intelligibility tests developed to assess dysarthria, e.g., reading or 
repetition tasks, assume uniformity of speech impairments within an individual, 
and these highly controlled speech tasks are used to predict or assess 
impairments that may manifest during the more variable speech tasks of 
everyday life (Kempler & Van Lancker, 2002). However, speech task type may 
predict speech intelligibility in the dysarthria of PD to a greater extent than do 
speech intensity or rate. There is substantial evidence that spontaneous speech 
is significantly less intelligible than reading aloud and repeating utterances 
(Duffy, 1995; Frearson, 1985; Kempler & Van Lancker, 2002). In addition, 
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conversation and other cognitively-demanding speech tasks greatly reduce 
speech intensity, especially for individuals with PD (Ho et al., 1999). Thus, 
experimental manipulations of both background noise level and speech task 
type are critical in order to comprehensively measure intelligibility for individuals 
with hypokinetic dysarthria and hypophonia associated with PD. 
1.3 Communicative effectiveness and quality of life. 
Hypophonia associated with PD especially inhibits communication in 
noisy environments, on the telephone, for longer durations, and with unfamiliar 
listeners or those at a distance. Thus, hypophonia may hinder the individual’s 
participation and engagement in communication interactions associated with 
various social activities and may threaten their independence.  
Miller, Noble, and Jones (2006) found that the four most prominent 
aspects of communication that affect quality of life for individuals with PD were 
social interaction, extemporaneous speech, intelligibility, and voice quality. Of 
the specific deficits that affect speech, monopitch and imprecise consonants 
were reported to be of lesser concern compared to the perceived reduction in 
the individual’s ability to communicate, their self-perception, and increased 
difficulty in long-term efforts toward compensating for speech deficits, especially 
loudness, which often resulted in social disengagement (Miller et al., 2006). 
Thus, rehabilitation interventions that are focused on these key communication 
concerns may impact overall patient outcomes most profoundly (National 
Institute for Clinical Excellence [NICE], 2005).  
1.4 Therapeutic treatment goals and limitations. 
Currently, there are several options available to treat speech symptoms, 
including hypophonia. The three common approaches to treatment are the use 
of “perceptually-based behavioural speech therapy, instrumentally-based 
biofeedback therapy, and prosthetic or assistive speech devices” (Adams & 
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Dykstra, 2009, p. 174). The goals of these treatments are: “1) increasing speech 
intensity, 2) improving speech prosody, 3) reducing rapid speech, and 4) 
increasing articulatory mobility and precision” (Adams & Dykstra, 2009, p. 174). 
However, the extent to which each of these treatments can achieve these goals 
is influenced by the needs and limitations of a particular patient and by the 
setting in which improvements are measured. 
Evidence suggests that behavioural and biofeedback therapies may be 
successful treatments for hypophonia. Over the past decade many efficacy 
studies on one behavioural therapy in particular, the Lee Silverman Voice 
Treatment (LSVT), “indicate that significant improvements in speech can be 
obtained on a wide variety of measures” (Adams & Dykstra, 2009, p. 175). 
Additionally, a study by Scott and Caird (1983) demonstrated that concurrent 
behavioral and biofeedback therapy result in greater clinically significant 
improvements than behavioral therapy in isolation.  
However, a major criticism of these behavioural and biofeedback 
therapies is that improvements may fail to transfer outside the clinical setting. 
Rubow and Swift (1985) demonstrated that an individual with PD showed 
negligible improvements from treatment transfer beyond the clinic. Adams and 
Dykstra (2009) acknowledged “the transfer of treatment problem is arguably the 
most important concern in the treatment of hypokinetic dysarthria in PD” (p. 
175). One of the reasons this issue is so critical is that some studies suggest that 
cognitive and sensorimotor impairments in PD may impair learning and that 
learning may be heavily context dependent for this disorder population (Adams & 
Dykstra, 2009). Fortunately, the third common treatment option, the use of a 
speech amplification device, presents a potential solution to the transfer of 
treatment issue. 
1.5 Description of speech amplification devices. 
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According to the definition provided by the American Speech-Language-
Hearing Association (ASHA) (1989), augmentative and alternative communication 
(AAC) devices “attempt to compensate (either temporarily or permanently) for 
the impairment and disability patterns of individuals with severe expressive 
communication disorders” (p. 107).  In the case of individuals with PD, speech 
amplification devices counteract their pattern of low speech intensity. Speech 
amplification devices are a type of portable AAC device that uses an individual’s 
natural voice. Early preliminary reports by Greene, Watson, Gay, and Townsend 
(1972) suggest that speech amplification devices may contribute to significant 
speech intelligibility improvements by increasing the audibility of speech and by 
facilitating self-correction through self-monitoring.  
1.6 Limitations of research on speech amplification devices. 
Speech amplification devices can vary in metrics such as signal-to-noise 
characteristics, amount of signal amplification, and audio frequency response 
range, and these differences in specification may affect performance outcome 
measures, i.e., intelligibility and sound quality, but this potential relationship 
requires further exploration. Additionally, specific disorder characteristics may 
be more or less sensitive to change based on the use of a speech amplification 
device. For example, individuals with PD who speak in a whisper may have 
limited improvements in intelligibility from the use of speech amplification 
devices alone (Beukelman & Mirenda, 1998). Unfortunately, the body of research 
on speech amplification devices is limited in terms of the disorder populations 
studied, conclusiveness of results, and number and types of devices compared.  
In 2002, Roy et al. found that teachers with voice disorders improved their 
vocal clarity significantly with voice amplifiers and vocal hygiene over the 
teachers in the non-treatment control group. The vocal hygiene program 
addressed the following areas: “(a) the amount and type of voice use, (b) vocal 
behaviours thought to be phonotraumatic, (c), hydration issues, (d) lifestyle and 
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diet factors” (Roy, et al., 2001, p.287). Moreover, the teachers who used voice 
amplifiers reported better clarity and ease of voice production and higher 
treatment compliance than the teachers practicing vocal hygiene. In 2003, Roy 
et al. repeated this study with a greater sample size and with resonance therapy 
and respiratory muscle training as treatment alternatives to the ChatterVox voice 
amplifier.  Again, the use of a speech amplifier provided increased clarity and 
ease of voice production and overall voice improvement. Although the 
population included in these studies was limited to teachers, the improvements 
reported provide support for the efficacy of speech amplification devices.  
In 2002, Weiss compared the intelligibility of two severely dysarthric 
speakers using 1) a Speech Enhancer, 2) a generic speech amplifier, and 3) 
unamplified speech in various background noise conditions. The Speech 
Enhancer is a device that electronically filters and selectively amplifies a specific 
frequency range (800–4000 Hz) within a person’s speech signal. One hypokinetic 
speaker had higher average intelligibility scores when using the Speech 
Enhancer in the loud background noise condition than when using the speech 
amplifier or no device. These results were similar to a previous study by Carinski 
and Rosenbek in 1999, which also found severely dysarthric speakers achieved 
improved intelligibility scores with the Speech Enhancer compared to 
amplification and natural speech. 
In 2005, Bain, Ferguson, and Mathisen recorded speech samples of 
hyperkinetic dysarthric speakers using 1) the Speech Enhancer, 2) a voice 
amplifier, and 3) their natural speaking voice, which was then transcribed by 
experienced, less experienced, and inexperienced listeners. However, the 
design of this study resulted in inconclusive intelligibility improvements because 
of variations between judges and speech contexts. 
More recently, in 2009, Neel compared the amplified and unamplified 
speech of five individuals with PD. Neel found the greatest intelligibility 
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improvements during unamplified speech when participants spoke at a louder 
than habitual volume. However, amplified speech still resulted in significantly 
better intelligibility scores than unamplified normal speech.  
Although the findings in the previously discussed studies are limited, the 
general trend suggests that speech amplification devices may be an effective 
treatment option for individuals with PD and hypophonia. In addition, as efficacy 
research accumulates over time, the benefits of specific speech amplification 
devices may prove to exceed the improvements reported from other therapeutic 
treatments in some cases. 
1.7 Speech amplification devices in clinical practice. 
In 2000, Armstrong, Jans, and MacDonald conducted a preliminary 
investigation into which factors affect low-tech and high-tech AAC device 
prescription for individuals with PD in Scotland. The benefit of this study was 
that the population was limited to individuals with PD, but the factors reported to 
influence device prescription related to the selection criteria for a broad range of 
AAC devices rather than for speech amplification devices specifically. The most 
important criteria in determining which AAC device to prescribe were found to 
be the participant’s motor symptoms followed by cognitive/learning ability and 
severity of speech impairment. However, it is unclear whether these criteria 
would be considered as important if device selection were narrowed to include 
only speech amplification devices. 
In 2009, Bertrand conducted a study investigating which factors influence 
speech amplification device prescription in the U.S. and how prescription is 
distributed across disorder populations. The main discovery regarding device 
prescription was that speech-language pathologists (SLPs) were not well 
educated about the variety of speech amplification devices on the market. 
Almost 90% of SLPs surveyed had heard of the ChatterVox and about 73% had 
used it, making it the most commonly known and prescribed speech amplifier. 
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As for the Speech Enhancer, EchoVoice EV4, and Spokeman, roughly a third of 
SLPs had never heard of them and about half of SLPs had never used them. The 
resounding complaint from SLPs about speech amplification devices in general 
was that “the technology is very crude” (Bertrand, 2009, p. 37). However, 
despite the lack of knowledge of or experience with the devices, and the lack of 
efficacy studies to elucidate which device specifics are the most critical to the 
success rate of placement, most SLPs reported adhering to a similar hierarchy 
of selection criteria when prescribing a device. Overall, most SLPs determine 
prescription based primarily on “patient preference and comfort” (Bertrand, 
2009, p. 26). Although it may be assumed that patient preference correlates to 
successful device placement, no research has investigated the existence or 
strength of this relationship.  
Examining prescription distribution across different disorder populations, 
Bertrand (2009) found that speech amplification devices were most commonly 
prescribed for individuals with PD compared to all other disorders. In fact, over 
70% of the SLPs surveyed had prescribed speech amplification devices to 
individuals with PD and other motor-speech disorders. Therefore, the lack of 
efficacy research on speech amplification devices is a significant concern for 
this disorder population in particular.  
1.8 Rationale and research objectives. 
One of the most prevalent and distinctive speech symptoms in idiopathic 
PD is hypophonia, an overall reduction in intensity, which typically decreases 
speech intelligibility and hinders oral communication in a multitude of social 
contexts. The predominant criticism of behavioural treatments for hypophonia is 
that improvements in speech intensity may not transfer beyond the clinical 
setting because cognitive and sensorimotor deficits associated with PD may 
inhibit the incorporation of new speech strategies into habitual speech. Speech 
amplification devices are a potential solution; however, despite the availability of 
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a broad range of devices, there are no previous studies that systematically 
compare their efficacy in PD.  
The purpose of this study was to investigate the effect of speech tasks, 
i.e., reading aloud versus conversation, background noise levels, i.e., no noise 
versus multi-talker background noise, and selected speech amplification devices 
on speech outcome measures in PD and control participants. Speech outcome 
measures included speech intensity, SNR, intelligibility, and sound quality. This 
research used self-reports and primary communication partner reports of 
communicative effectiveness, self-reports of speech disorder severity, speaker 
expectation scores, objective acoustic measures of speech, speech intelligibility 
scores, and perceptual judgments by speakers and listeners in order to address 
the following seven objectives: 
1. Evaluate the effect of amplification device type on speaker preference 
scores, i.e., ratings of comfort, appearance, amplification power, sound 
quality, and overall preference for use 
2. Evaluate the effect of speech tasks, background noise levels, and 
selected speech amplification devices on speech intensity in PD and 
control participants 
3. Evaluate the effect of speech tasks, background noise levels, and 
selected speech amplification devices on SNR in PD and control 
participants 
4. Evaluate the effect of speech tasks, background noise levels, and 
selected speech amplification devices on speech intelligibility in PD and 
control participants 
5. Evaluate the effect of speech tasks, background noise levels, and 
selected speech amplification devices on sound quality in PD and control 
participants 
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6. Evaluate the interactions between speech task type, background noise 
level, and amplification device type on speech acoustic measures, 
intelligibility, and sound quality in PD and control participants 
7. Evaluate the effect of PD participants conversing in multi-talker 
background noise on device performance using measures of speech 
acoustics, intelligibility, and sound quality 
Device outputs with the best acoustic values, i.e., highest speech 
intensity and speech-to-noise ratio, were predicted to be associated with the 
highest speaker preference scores, the highest intelligibility scores, and the best 
listener sound quality ratings. In addition, the most significant differences in 
outcome measures between speech amplification device types were predicted 
to be demonstrated when devices were used with individuals with Parkinson’s 
disease during conversation in the presence of background noise.  
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Chapter 2 
2 Method 
2.1 Participants. 
The Health Sciences Research Ethics Board at Western University 
approved this study for the involvement of human participants (Appendix A). This 
study included four groups of participants: two speaker groups (PD group and 
age-matched, control group), a primary communication partner group, and a 
naïve listener group. The following sections will describe the recruitment 
procedures, the inclusion and exclusion criteria used to determine participant 
eligibility, and the demographic information of the participants included in this 
study. 
2.1.1 Participant recruitment procedures. 
PD speaker and primary communication partner groups. Individuals with 
PD were recruited from the Movement Disorders Clinic at the London Health 
Sciences Centre, University Campus, in London, Ontario. The neurologist 
involved in this study, Dr. Mandar Jog, identified eligible participants from his 
active patient files. As a member of these patients’ existing health care team, Dr. 
Jog discussed the nature of this study with eligible patients at the end of their 
regular clinic appointments and invited them to participate. Interested patients 
were asked to invite their spouse or primary communication partner to 
participate in the study. 
Control speaker group. Age-matched control participants were recruited 
from the Retirement Research Association (RRA) with permission of the RRA 
Director and from the Canadian Centre for Activity and Aging at Western 
University. Dr. Scott Adams and the current investigator (M.A.) contacted these 
individuals to inform them of the nature of this study and invite them to 
participate. 
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Listener group. The naïve listener participants were recruited from 
Linguistics courses and Communication Sciences and Disorders courses at 
Western University and were recruited by referral sampling. A description of the 
nature of this study (Appendix B) was presented to students at the beginning of 
a class, and students were invited to contact the current investigator (M.A.) if 
they were interested in participating.  
2.1.2 Inclusion and exclusion criteria. 
Inclusion criteria. All subjects were provided with a letter of information 
about the study (Appendix C–F) and were required to sign a consent form 
(Appendix G) prior to participation. In addition, all participants completed an 
intake survey (Appendix H) requesting basic demographic information and 
medical history, e.g., timeframe for symptom onset and disease diagnosis or 
lack of symptoms and diagnosis, to ensure they met eligibility requirements.  
All participants were required to have English as their first language and 
be able to read at a grade eight level at a minimum. The age requirement was 
55–85 years old for speaker participants and 18–30 years old for listener 
participants. At the time of testing, individuals with PD were required to be at 
least six months post-diagnosis, to not have received speech therapy treatment 
within the previous twelve months, and to not be a current user of a speech 
amplification device. At the time of testing, four individuals were diagnosed 16 
years post-diagnosis, two individuals were 5 years post-diagnosis, one 
individual was 4 years post-diagnosis, two individuals were 2 years post-
diagnosis, and two individuals were approximately one year post-diagnosis. Two 
individuals had received speech therapy one year prior to the experiment, two 
individuals had received speech therapy five years prior to the experiment, and 
none of the other participants had ever received speech therapy. One individual 
had a brief trial period with a speech amplification device one year prior to the 
experiment, one individual had a brief trial period with a speech amplification 
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device five years prior to the experiment, and none of the other participants had 
ever been prescribed a speech amplification device. PD participants were 
included if they were stabilized on their antiparkinsonian medication at the time 
of testing. Seven individuals had been prescribed Sinemet, one individual had 
been prescribed Sinemet and slow-release Apotriex, one individual had been 
prescribed Levocarb, and two participants had not been prescribed any 
antiparkinsonian medication. Experimental testing occurred approximately one 
hour after PD participants received the appropriate dose of antiparkinsonian 
medication, if prescribed, according to their regular medication schedule.  
Exclusion criteria. Speaker and listener participants were excluded if they 
had a history of stroke or a history of cognitive or language impairment. Control 
participants were excluded if they had a speech impairment or if they exhibited 
any signs or symptoms of PD. Participants with PD were excluded if they had a 
speech impairment that was unrelated to the dysarthria of PD.  
Speaker participants were excluded if they failed a basic 40 dB hearing 
level (HL) screening at 500, 1000, and 2000 hertz (Hz), and listener participants 
were excluded if they failed a basic 40 dB HL screening at 500, 1000, 2000, and 
4000 Hz. Two control participants were included in the study despite having 
hearing impairments because these impairments were compensated for by the 
use of hearing aids.  
Individuals with PD were excluded from the study if they failed the Mini 
Mental State Exam (MMSE) (Folstein, Folstein, & McHugh, 1975), which screens 
for dementia. A passing score on the MMSE is 24 with a maximum possible 
score of 30. All PD participants included in the study passed the MMSE with a 
score range of 27–30.  
Listeners were excluded if they were professionals or students in the 
fields of Speech-Language Pathology or Audiology or if they were familiar with 
the participants from either speaker group in the study. 
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2.1.3 Description of participant groups. 
PD speaker group. This speaker group was comprised of 11 individuals (1 
female, 10 male) who were 58–80 years old (M = 70.9) with mild to moderate 
signs and symptoms of idiopathic PD and hypophonia as confirmed by a 
neurologist. Individuals in this group had the following occupations: manager (n 
= 3), accountant, engineer, farmer, printer technician, salesman, teacher (n = 2), 
and fridge mechanic.  
Primary communication partner group. The primary communication 
partner group consisted of eight (7 female, 1 male) spouses or primary 
communication partners of eight PD participants. Three of the participants from 
the PD group did not have a spouse or primary communication partner who 
participated in the study.  
Control speaker group. Ten healthy individuals (4 female, 6 male) who 
were 59–86 years old (M = 71.4) and had no signs or symptoms of PD served as 
age-matched, control participants to isolate the effect of speech disorder 
characteristics associated with Parkinson’s disease on device performance. 
Individuals in this group had the following occupations: housewife, manager, 
engineer, social worker, musician, teacher (n = 2), and nurse. 
 Listener group. Ten university students (9 female, 1 male) who were 21–25 
years old (M = 22.7) served as naïve listeners in this study.  
2.2 Speech amplification devices.  
Seven frequently prescribed speech amplification devices were compared 
in this study: the ADDvox, BoomVox, ChatterVox, Oticon Amigo, SoniVox, 
Spokeman, and Voicette. The following subsections provide device descriptions, 
rationales for device selection, and information on microphone pairing and 
device use protocol. 
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2.2.1 Speech amplification device descriptions.  
All seven speech amplification devices can be viewed in Figure 1. The 
following device descriptions accord with the information provided by the 
manufacturers and distribution partners.  
Portable speech amplifiers. The ADDvox, manufactured by Stanton 
Magnetics, Inc., ChatterVox, manufactured by Connections Unlimited, Inc., and 
SoniVox, manufactured by Griffin Laboratories, Inc., are similar in dimensions, 
weight, battery requirements, and placement style. The dimensions of the three 
amplifiers are approximately 8” x 3” x 3” (20.32 cm x 7.62 cm x 7.62 cm) with an 
approximate weight of 1–2 lb (0.45–0.91 kg), including batteries, and all three 
devices also require 8 AA batteries with roughly a 14-hour lifespan and 5-hour 
charge time. These devices also come with an adjustable belt strap to be worn 
around the waist. The Spokeman, manufactured by KEC Innovations, can be 
worn around the waist or the arm, and it is the smallest and lightest speech 
amplifier included in this study with dimensions of 2.76” x 2.76” x 1.34” (7.01 cm 
x 7.01 cm x 3.4 cm) and a weight of 3.7 oz (0.10 kg). The Voicette, manufactured 
by Luminaud, Inc., is one of the largest speech amplifiers with dimensions of 
6.5” x 6.5” x 3” (16.51 cm x 16.51 cm x 7.62 cm) and a weight of 2 lb (0.91 kg). 
The Voicette is designed to be worn over the shoulder or can be placed on a 
surface.  
Portable FM speech amplifiers. BoomVox, manufactured by Griffin 
Laboratories, Inc., is the largest of all the speech amplification devices with 
dimensions of 7” x 4” x 11” (17.78 cm x 10.16 cm x 27.94 cm) and a weight of 5 
lb (2.27 kg). The lightweight, wireless transmitter has a belt clip, and the speaker 
accessory can be carried by a handle or placed on a surface. The system 
contains a built-in battery and can be charged by AC power or through a car 
adapter. The Oticon Amigo, manufactured by Oticon A/S, has a lightweight, 
wireless transmitter with a belt clip and a receiver that also has a belt clip and 
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can be connected to headphones or a lightweight speaker accessory; the latter 
was used in this study.  
	  
Figure 1. Pictures of the speech amplification devices. Top (left to right): 
ADDvox, ChatterVox, SoniVox, Spokeman. Bottom (left to right): BoomVox, 
Oticon, Voicette. 
2.2.2 Rationale for speech amplification device selection.  
The ADDvox, ChatterVox, and Spokeman were selected for inclusion in 
this study because all three are approved by the Ontario Ministry of Health and 
Long-Term Care’s Assistive Devices Program. The SoniVox was included 
because it is marketed as a technologically superior alternative to the ADDvox. 
The Voicette is an older device that was previously approved by the Ontario 
Ministry of Health and Long Term Care’s Assistive Device Program. The 
BoomVox has been recommended for individuals with Parkinson’s disease in the 
USA but has been infrequently prescribed in Canada. The Oticon is prescribed 
mainly to assist with hearing impairments; however, it was included in the 
current study because of its high quality and lightweight speaker accessory, 
which enabled it to function comparably to any other speech amplification 
device. Although the Oticon Amigo is an FM system, it represents a potentially 
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effective type of amplification system that has rarely been considered in the 
treatment of individuals with Parkinson’s disease.  
Two important variables in device specification captured in the selection 
of devices used in this study were speaker size and connection type. In general, 
the output from smaller speakers will have a lower intensity than from larger 
speakers of the same amplification power. The FM technology used with the 
BoomVox and Oticon is an important variable because of the compression of the 
speech signal necessary for wireless transmission. This compression could 
affect the fidelity of the signal by reducing the frequency range of the audio. In 
addition, FM technology is subject to interference from any other signals being 
broadcast on the FM wireless spectrum. 
2.2.3 Microphone pairing and protocol for device use.  
Microphones were paired with the speech amplification devices in 
accordance with manufacturers’ recommendations, where provided, or 
according to the microphone options included by default with the devices. The 
ADDvox was paired with the manufacturer-recommended FeatherLite Pro 
headset microphone. The BoomVox and SoniVox were paired with the same 
manufacturer-recommended low profile, noise-cancelling microphone. The 
ChatterVox, Oticon, and Spokeman were paired with the regular headset 
microphone that was included with each device. The Voicette was the only 
device that utilized a handheld microphone as it was determined to be of 
superior quality to the headset microphone option.  
Devices were used according to the guidelines provided in the instruction 
manuals. The volume was set at a maximum level that was optimized for each 
speaker with the intent to minimize any continuous electronic or auditory 
feedback distortions.  
2.3 Experimental procedures for speakers and partners.  
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2.3.1 Participant-based questionnaires.  
After consent was obtained from participants and the intake surveys and 
screenings for eligibility were completed, the speaker group and primary 
communication partner group completed a series of questionnaires that were 
administered prior to any experimental trials. The five participant-based 
questionnaires administered were: 1) a modified version of the Communicative 
Effectiveness Survey (CES-M) (Donovan, Valozo, & Rosenbek, 2007) (Appendix 
I), 2) Levels of Speech Usage: Self-Report Scale (LSU) (Baylor, Yorkston, Eadie, 
Miller, & Amtmann, 2008) (Appendix J), 3) a speech intensity self-report 
(Appendix H), 4) a modified version of the Voice Activity and Participation Profile 
(VAPP-M) (Ma & Yui, 2001) (Appendix K), and 5) a device expectation survey 
(Appendix L).  
The Communicative Effectiveness Survey - modified (CES-M) (Donovan et 
al., 2007). The CES was developed to capture how effectively speakers are able 
to communicate in various situations that are relevant for treatment outcome 
evaluation, especially for individuals with Parkinson’s disease (Donovan et al., 
2007). The CES-M uses a four-point Likert scaling procedure to address nine 
questions related to how effectively the speaker is able to communicate in the 
following situations: 1) with a familiar person at home, 2) with strangers in a quiet 
place, 3) with a familiar person on the phone, 4) with a stranger on the phone, 5) 
in a noisy social environment, 6) with a familiar person while emotionally upset, 
7) in a car, 8) at a distance, 9) for a long duration. Selecting 1 on the 4-point 
Likert scale expressed a rating of “not at all effective,” and selecting 4 expressed 
a rating of “very effective” in the communication situation presented (Donovan et 
al., 2007).   
In this study, participants from both speaker groups completed the CES-
M to provide a self-report of their communicative effectiveness. Spouses and 
primary communications partners only completed one task during this study: to 
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rate how effectively the PD participant is able to communicate using the CES-M. 
The purpose of this task was to validate or detect potential discrepancies in the 
PD participants’ self-perceptions of communicative effectiveness.  
The Levels of Speech Usage: Self-Report Scale (LSU) (Baylor et al., 2008). 
The LSU provides information on an individual’s typical frequency of daily 
speech and the ways in which they use their voice by employing a categorical 
rating scale, which includes the following categories: 1) undemanding, 2) 
intermittent, 3) routine, 4) extensive, and 5) extraordinary (Baylor et al., 2008). 
Each category is described with a list of speech use patterns and frequencies 
specific to that category, and each speaker participant selected the single 
category that best described his/her typical speech use. The LSU was 
developed to be applicable across a wide demographic range and provides a 
distinct measure that has been found not to be significantly associated with 
communicative participation measures (Baylor et al., 2008). In this study, 
participants from both speaker groups completed the LSU.  
Speech intensity self-report. Both speaker groups rated their typical 
speech volume using a visual analog scale on the intake survey. A score of 0% 
on the visual analog scale from the intake survey indicated that the individual 
perceived their typical speech as “very quiet,” and a score of 100% indicated 
their typical speech was “very loud.” After the PD speakers gave a rating of their 
typical speech volume currently, i.e., within the past year, they were asked to 
provide a second rating for their typical speech volume prior to the onset of PD if 
they perceived any change in their typical speech volume. 
The Voice Activity and Participation Profile - modified (VAPP-M) (Ma & Yui, 
2001). The VAPP uses a visual analog scaling procedure to provide a self-report 
of how severely and frequently an individual’s voice disorder impacts daily 
activities and level of engagement (Ma & Yui, 2001). The VAPP uses 28 items, 
including one for self-perceived disorder severity, to address four major areas: 1) 
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occupation, 2) daily communication, 3) social communication, and 4) emotion. 
For the first question regarding overall speech impairment severity, 0% indicated 
the individual perceived their speech to be “normal”, and 100% indicated the 
individual perceived their speech problem to be “severe.” However, the 
remaining questions were termed differently so that a score of 0% on the visual 
analog scale indicated the activity described in the question was “never” 
impacted by the speech impairment, and a score of 100% indicated that the 
activity was “always” impacted by the speech impairment (Ma & Yui, 2001).   
For the purpose of this study, only the PD speaker group completed the 
VAPP-M, which posed a subset of the most pertinent and appropriate of the 
original questions on a visual analog scale. The seven questions in the VAPP-M 
covered disorder severity and three of the original areas: 1) daily communication, 
2) social communication, and 3) emotion.    
The device expectation questionnaire. Additionally, the PD speaker group 
completed a device expectation questionnaire. This questionnaire was designed 
specifically for this study by the investigators to assess participants’ 
expectations regarding speech amplification device performance and user 
experience. This questionnaire used a visual analog scaling procedure to 
determine the level of expectation across six dimensions: 1) physical comfort, 2) 
acceptability of appearance, 3) sound quality, e.g., naturalness, 4) frequency of 
requests to repeat utterances, 5) intelligibility, and 6) influence on demands of 
speech use.  
2.3.2 Experimental design. 
After the completion of participant-based questionnaires, participants 
from both speaker groups performed the experimental tasks. The experimental 
conditions consisted of two speech tasks in two background noise conditions 
with eight speech amplification device types for a total of 32 conditions. The two 
speech tasks were the Sentence Intelligibility Test and a conversation task 
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(Yorkston, Beukelman, & Tice, 1996). The two background noise conditions were 
no noise and 65 dB SPL multi-talker noise. The eight speech amplification 
device types consisted of seven conditions where each of the devices (ADDvox, 
BoomVox, ChatterVox, Oticon Amigo, SoniVox, Spokeman, and Voicette) was 
used and one condition of unamplified speech where no device was used. The 
last device condition (no device) served as a control for speech acoustic 
measures, intelligibility scores, and sound quality scores for each speaker. 
An online random sequence generator was used to randomize the eight 
device type conditions independently from the four task and noise experimental 
conditions for each speaker (Haarh, 1998). This block randomization design was 
employed to maximize uniformity in device fitting and use across speech task 
and noise conditions within each device type condition. In addition, immediately 
after using each device type in all speech task and noise conditions, speaker 
participants completed a device-based experience questionnaire. This sequence 
allowed participants to gather a more cogent analysis of their experience with 
each device when filling out the questionnaire despite the large number of 
devices compared in a limited timeframe.   
2.2.3 Speech tasks and stimuli.  
Both speaker groups were asked to complete two different speech tasks 
to examine the effect of speech task on the performance of different device 
types. Before performing each new speech task, speakers were reminded to use 
their typical speaking intensity and speech rate. 
Sentence Intelligibility Test (SIT) (Yorkston, Beukelman, & Tice, 1996). For 
this task, speakers were asked to read aloud 11 sentences, ranging from 5–15 
words in length, from the Sentence Intelligibility Test (SIT) (Yorkston et al., 1996). 
The SIT software randomly selected each sentence from a database of 1100 
sentences (Yorkston et al., 1996). Novel sets of sentences were presented for 
each noise condition and device type. The SIT is commonly used to provide 
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intelligibility measures and to document effectiveness in intervention programs 
or outcome studies, especially for individuals with dysarthria (Yorkston et al., 
1996).  
Conversational speech task. For the conversation speech task, speakers 
engaged in an unscripted conversation with an examiner (current investigator, 
M.A.) for approximately two minutes per noise condition. The examiner elicited 
extemporaneous speech from the participant by posing selected open-ended 
questions and logical follow-up questions to prompt additional utterances as 
needed. The purpose of this task was to provide an ecologically-valid speech 
context by mimicking the demands of real-life situations where the performance 
of the device is most pertinent. The topics presented in the examiner’s questions 
were those with which the speaker was likely to be comfortable and familiar. The 
following questions are examples of the questions posed by the examiner:  
1) “Could you tell me about a memorable or recent trip you’ve taken?”  
2) “Could you describe your hobbies?”  
3) “Could you describe your current or former occupation?”  
2.3.4 Experimental setup and additional apparatus.  
During all experimental conditions, speakers were seated comfortably in 
the quiet environment of the Speech Movement Disorders Lab in Elborn College 
at Western University. The experimental setup in the lab is depicted in Figure 2. 
Additional apparatus was required to create the 65 dB SPL multi-talker noise 
condition and to create audio recordings.  
Background noise condition. Two loudspeakers remained at a constant 
distance from the speaker to distribute free-field background noise, which is the 
most ecologically-valid background noise presentation method (Dykstra, Adams, 
& Jog, 2012). Pre-recorded, four-talker background noise (Audiotech Corp.) was 
played through the two loudspeakers during the 65 dB SPL multi-talker noise 
condition. The background noise intensity level of 65 dB SPL was chosen 
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because it exceeds the threshold to trigger the Lombard effect and it represents 
a noise level that is equivalent to what speakers may experience in daily 
communication situations, e.g., moderate cafeteria noise (Adams et al., 2005; 
Adams et al., 2006; Dykstra et al., 2012).  
The multi-talker noise contained a small amount of moment-to-moment 
intensity variation (±2 dB SPL). In order to obtain a consistent calibration signal, 
the average value of the multi-talker noise was obtained for a 10-minute 
segment of the digital audio signal using the intensity analysis routine in PRAAT 
software (Boersma & Weenik, 2008). A second (more stable) pink noise audio 
signal was adjusted to match the intensity of the multi-talker audio signal using 
the PRAAT intensity analysis routine and the intensity modulation function in the 
Goldwave digital audio editing program (Goldwave Inc., 2012). The intensity 
modulation function in the Goldwave program was also used to create a series 
of equivalent multi-talker noise signals and pink noise signals that both 
increased in increments of 5 dB SPL.  Thus, a series of equivalent multi-talker 
noise and pink noise signals at 60, 65, 70, and 75 dB SPL was created. For the 
present study, only the 65 and 70 dB SPL signals were used. The multi-talker 
noise was calibrated using a sound level meter placed beside each of the 
recording microphones (1.5 m and 4 m). The 70 dB SPL pink noise signal was 
played through the loudspeakers and adjusted to match the 70 dB SPL level on 
the sound level meter. Following this, the equivalent (but attenuated by −5 dB 
SPL) 65 dB SPL multi-talker signal was played through the loudspeaker.   
Audio recording apparatus. Two stand-mounted omnidirectional dynamic 
microphones were set at distances of 1.5 and 4 m from the speaker participant. 
The experimenter was seated beside the microphone at 1.5 m to capture the 
appropriate interlocutor distance. A headset microphone was placed 6 cm from 
the speaker’s mouth. A standard calibration procedure involving participant-
generated vowel sounds (“ah”) sustained for a minimum of 2 seconds at 70 dB 
SPL on a sound level meter placed 15 cm from the mouth was used to calibrate 
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the audio recordings for each participant. The output from each stand-mounted 
microphone passed through a mixer and two separate M-Audio MobilePre USB 
systems where they were combined with the split signal from the headset 
microphone to create two separate recordings of two-channel audio. These 
recordings were captured using PRAAT software running on a laptop and a 
desktop computer and were used subsequently to obtain objective acoustic 
measures, intelligibility scores, and sound quality scores of the speech (Boersma 
& Weenik, 2008).  
	  
Figure 2. Experimental laboratory setup for audio recording of speech produced 
by each speaker participant in all experimental conditions. 
2.3.5 Device-based experience questionnaire.  
Immediately after testing each device, all speakers completed a user 
experience questionnaire based on their experience solely with that particular 
device (Appendix M). Each participant completed seven experience 
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questionnaires in total. This questionnaire was designed specifically for this 
study by the investigators. This questionnaire used a visual analog scaling 
procedure and covered the following five dimensions: 1) physical comfort, 2) 
visual presentation (including willingness to wear in public), 3) perception of 
sound quality, i.e., signal clarity versus electronic distortion, 4) perception of 
amplification power, i.e., ability to overcome intensity challenges of background 
noise, and 5) overall preference for amplifying speech. 
2.4 Experimental procedures for listener tasks.  
Naïve listeners were provided with letters of information about the study 
and were required to sign consent forms prior to the experiment. Listeners were 
not present at the time speech samples were recorded, and they were blinded to 
all information about the speakers and to the contents of the sentences from 
both the SIT and conversation tasks prior to hearing them. Listener tasks took 
place in the Speech Movement Disorders Lab in Elborn College at Western 
University. Listeners were seated at a comfortable distance from two 
loudspeakers fixed at a calibrated volume, which played the pre-recorded 
speech samples obtained from the 4 m stand-mounted microphone. Listeners 
were tasked with providing intelligibility and sound quality scores on 
questionnaires using visual analog scaling procedures and providing intelligibility 
scores based on orthographic transcription. 
2.4.1 Intelligibility and sound quality questionnaires.  
Pre-recorded speech samples from all speaker participants in all 
experimental conditions were played twice for each listener so that listeners 
could complete two questionnaires (Appendix N and O), which provided 
intelligibility and sound quality measures respectively. These speech samples 
consisted of the seven-word sentence from the SIT and a single 5–15 word 
utterance from the conversation task extracted from each noise and device 
condition using PRAAT software (Boersma & Weenik, 2008). Each sample was 
	  	   	  
28 
3–5 seconds long with a 4 second silence inserted between each sample during 
which time listeners judged the intelligibility or sound quality on a single visual 
analog scale. Each scale was numbered to match the presentation order of the 
stimuli so that listeners remained blind to the device type and speech task type.  
Speech samples were played in a randomized order for each listener. An 
online random sequence generator was used to randomize the 21 participants 
independently from the four (task and noise) experimental conditions, which 
were randomized independently from the eight device type conditions (Haarh, 
1998). This block randomization design was employed in order to facilitate a 
direct comparison between each device type within a single task and noise 
condition and within a single participant. In addition, comparing all samples for 
one participant at a time would also minimize the potential that speech 
impairments associated with PD (i.e., disorder severity) might interfere with the 
listener’s ability to directly compare the electronic sound quality of the device 
types. 
Intelligibility was defined as the number of words the listener could 
correctly identify out of the number of words spoken. During the first playback, 
listeners completed the intelligibility questionnaires to ensure they were 
unfamiliar with the contents of the utterances when reporting the number of 
words they could identify so as to not falsely inflate the intelligibility scores. 
The sound quality questionnaires were completed during the second 
playback of the samples. High sound quality was defined as a clear electronic 
signal and low sound quality was defined as electronic distortion of the signal, 
e.g., “static” or a “tinny” quality. 
2.4.2 Transcription task.  
One of the participants from the listener group was asked to transcribe 
the speech data orthographically from all participants in all experimental 
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conditions. The speech samples for the transcription task consisted of all 11 SIT 
sentences and 11 5–15 word utterances from the conversation task from every 
noise and device condition to provide a more comprehensive intelligibility score 
for each participant in each condition. Transcriptions were recorded on prepared 
forms that were numbered to match the presentation order of the stimuli. The 
intelligibility and sound quality questionnaires were not administered to this 
listener until after the transcription task was completed. 
2.5 Data measurement.  
2.5.1 Questionnaires.  
The scores recorded on the speaker and communication partner 
questionnaires that used visual analog scales, i.e., the speech intensity self-
report, VAPP-M, device expectation questionnaire, and device experience 
questionnaire, were measured by hand. The length from the left end (anchor) of 
the scale to the listener’s mark was measured in millimeters and divided by the 
total length of the scale (100 mm) to generate a percentage score. The 
percentage scores were averaged to obtain a single mean for each dimension 
on the visual analog scale questionnaires. 
2.5.2 Acoustic measures.  
Two objective acoustic measures (average speech intensity and average 
speech-to-noise ratio) were of primary interest in this study. These measures 
were obtained by analyzing the speech recordings from the 4 m stand-mounted 
microphone with specialized acoustic analysis software (PRAAT) (Boersma & 
Weenik, 2008).  
Average speech intensity. Speech intensity was measured for each of the 
utterances used in the transcription task, i.e., all 11 SIT sentences and 11 5–15 
word utterances from the conversation task from every noise and device 
condition. Utterances were selected from initial word onset to final word offset. 
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These utterances were continuous (fluent) and speech intensity values did not 
include pauses greater than 250 milliseconds. Speech intensity values were 
calibrated using the 65 dB SPL multi-talker noise, and the 11 speech intensity 
values were averaged to obtain a single mean speech intensity value for each 
participant in each of the 32 total experimental conditions. 
Average speech-to-noise ratio. Average SNR values were obtained by 
measuring intensity for three non-speech selections (of the no noise floor or 
varied 65 dB SPL multi-talker background noise) from between utterances. Non-
speech selections also avoided distinct instances of non-speech sounds such 
as shuffling and breathing. SNR was calculated by subtracting the average 
intensity of the three non-speech selections from the average intensity of the 11 
utterances to obtain a single ratio for each participant in each of the 32 total 
experimental conditions.  
Intelligibility and sound quality questionnaires. Scores on visual analog 
scales were measured by hand. The length from the left end (anchor) of the 
scale to the listener’s mark was measured in millimeters and divided by the total 
length of the scale (100 mm) to generate a percentage score. Listener scores 
were averaged to obtain a mean intelligibility score and a mean sound quality 
score for each speaker in each of the 32 total experimental conditions.   
Transcription scores. For both speech tasks, sentences were transcribed 
independently by the assessor (M.A.) and then compared to the listener 
participant’s transcriptions to determine intelligibility for each speaker in each of 
the 32 total experimental conditions. This conversation intelligibility scoring 
procedure has been described in a previous study (Adams et al., 2008). 
2.6 Data analysis   
Questionnaires. The CES-M data was analyzed by examining mean 
scores from each speaker group across all communication situations and 
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correlations of effectiveness scores across communication situations between 
the speaker groups and between the primary communication partner group and 
the corresponding PD participants.  
The data from the LSU was examined by comparing the modes for each 
category across participant groups.  
The speech intensity self-report scores were analyzed by conducting a 
paired t-test and two independent t-tests. The paired t-test compared the PD 
speakers’ ratings of their current speech to their ratings of their speech prior to 
the onset of PD. One independent t-test compared the control speakers’ ratings 
to the PD speakers’ current ratings and the other compared the control 
speakers’ ratings to the PD speakers’ ratings prior to the onset of PD. 
The VAPP-M and device expectation questionnaires were analyzed by 
examining the mean ratings from the PD group across all questions. 
Device experience questionnaires were analyzed by separately 
investigating each experiential dimension, i.e., comfort, appearance, sound 
quality, amplification power, and preference. As the primary analysis, a series of 
two-factor, repeated-measures analyses of variance (ANOVA) was conducted for 
each experiential dimension. Each ANOVA used speaker group as the between-
groups factor with two levels (control, PD) and device type as the within-group 
factor with seven levels (ADDvox, BoomVox, ChatterVox, Oticon, SoniVox, 
Spokeman, Voicette). The alpha level used for each ANOVA was .05. As a 
secondary analysis, a series of planned, paired t-tests was used to examine the 
device ratings provided by only the PD participants for each dimension in more 
detail because this was the population of primary interest. The secondary 
analyses used an alpha level of .05 and were calculated without the Bonferroni 
correction for the 28 t-tests (p = .05/21 = .0023) that would be required for a 
pair-wise comparison of the 7 device conditions. The decision to use the 
uncorrected .05 alpha level is based on an attempt to minimize the occurrence 
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of type II errors that are likely to occur in an analysis that has a fairly small 
sample size (n = 11) and a fairly large number of conditions/variables (7 device 
conditions). This concern about the risk of type II errors with the use of 
Bonferroni corrections in small sample studies has been previously discussed in 
an article by Nakagawa (2004). 
Primary analyses. This study examined the effect of speech task type, 
background noise level, and speech amplification device type on speech 
outcome measures obtained from the speech output of individuals with PD and 
control participants. The five dependent, speech outcome measures were: 1) 
speech intensity level, 2) SNR, 3) speech intelligibility score by visual analog 
scale, 4) speech intelligibility score by transcription, and 5) sound quality score. 
The primary analysis of these dependent measures was a series of four-
factor, repeated-measures ANOVA with speaker group as the between-groups 
factor with two levels (control, PD). The three within-group factors were: 1) 
speech task type with two levels (SIT, conversation), 2) background noise level 
with two levels (no noise, 65 dB SPL multi-talker noise), and 3) type of speech 
amplification device employed with eight levels (ADDvox, BoomVox, ChatterVox, 
no device, Oticon, SoniVox, Spokeman, and Voicette). The alpha level used for 
each ANOVA was .05.  
Secondary analyses. The secondary analysis for each dependent measure 
consisted of a series of planned, paired-samples t-tests examining the 
effectiveness of each device type (ADDvox, BoomVox, ChatterVox, no device, 
Oticon, SoniVox, Spokeman, and Voicette) for the Parkinson’s speaker group 
during the conversation task in the 65 dB SPL multi-talker noise condition. This 
allowed for an investigation of device performance in the most demanding and 
ecologically-valid context. The secondary analyses used an alpha level of .05 
and were calculated without the Bonferroni correction for the 28 t-tests (p = 
.05/28 = .0017) that would be required for a pair-wise comparison of the 8 
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device conditions. The decision to use the uncorrected .05 alpha level is based 
on an attempt to minimize the occurrence of type II errors that are likely to occur 
in an analysis that has a fairly small sample size (10 ≤ n ≤ 11) and a fairly large 
number of conditions/variables (8 device conditions).  
Procedure for data missing at random. Four experimental conditions for 
one of the PD participants were missing at random because of a computer 
malfunction. The four conditions that were missing were: 1) the conversation 
task in no noise with the ChatterVox, 2) the conversation task in 65 dB SPL 
multi-talker noise with the ChatterVox, 3) the conversation task in no noise with 
the Voicette, and 4) the conversation task in 65 dB SPL multi-talker noise with 
the Voicette. The ANOVAs were conducted without the participant with missing 
data. The planned paired t-tests included all data available for each comparison. 
Therefore, comparisons involving the ChatterVox or Voicette had a smaller 
sample size (n = 10) than that of comparisons between any other device types (n 
= 11). 
Measurement reliability. For the acoustic measures, approximately 10% of 
the speech samples were re-measured by the assessor (M.A.) and measured 
independently by a different assessor. For the intelligibility and sound quality 
questionnaires, approximately 10% of the speech samples were re-evaluated by 
each listener, and 20% of the samples were used for the correlational analysis 
between listeners. For the transcription task, approximately 5% of the speech 
samples were re-transcribed by the same listener participant who completed the 
task and were independently transcribed by a different listener. Intraclass 
correlational analyses then were used to calculate both intra-rater and inter-rater 
reliability for all dependent measures.  
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Chapter 3 
3  Results  
The results of this study are presented in seven main sections. In the first 
section, the results presented will address the questionnaires completed by the 
speaker and primary communication partner groups. In the five subsequent 
sections, the results from the primary and secondary analyses will be presented 
for each dependent outcome measure: 1) speech intensity level, 2) speech-to-
noise ratio, 3) speech intelligibility score by visual analog scale, 4) speech 
intelligibility score by transcription, and 5) sound quality score. In the final 
section, the inter-rater and intra-rater reliability results will be presented. 
The primary analysis of the aforementioned dependent measures was a 
series of four-factor, repeated-measures ANOVAs with speaker group as the 
between-groups factor with two levels (control, PD). The three within-group 
factors were: 1) speech task with two levels (SIT, conversation), 2) background 
noise level with two levels (no noise, 65 dB SPL multi-talker noise), and 3) type 
of speech amplification device employed with eight levels (ADDvox, BoomVox, 
ChatterVox, no device (unamplified speech), Oticon, SoniVox, Spokeman, and 
Voicette). For each of these five variables, the primary analysis results will be 
presented in separate subsections related to the main effects (group, speech 
task, noise condition, and device type), post-hoc comparisons of main effects, 
and interactions from the four-factor ANOVA. The alpha level used for each 
ANOVA was .05. 
The secondary analysis results subsection for each dependent measure 
will present the planned, paired-samples t-tests examining the effectiveness of 
each device type (ADDvox, BoomVox, ChatterVox, no device (unamplified 
speech), Oticon, SoniVox, Spokeman, and Voicette) for the Parkinson’s speaker 
group during the conversation task in the 65 dB SPL multi-talker noise condition. 
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The results of the secondary analysis used an alpha level of .05 and are 
presented without the Bonferroni correction as discussed in Chapter 2. 
3.1 Questionnaire results.  
The results from the speaker groups and primary communication partner 
groups are divided into five subsections according to each questionnaire type: 1) 
CES-M, 2) LSU, 3) speech intensity self-report, 4) VAPP-M, 5) speech 
amplification device expectation survey, and 6) speech amplification device 
experience survey. 
3.1.1 Communicative Effectiveness Survey - modified.  
The purpose of this questionnaire was to determine how effectively the 
speaker is perceived to be able to communicate in various situations: S1) Having 
a conversation with a family member or friends at home, S2) Participating in 
conversation with strangers in a quiet place, S3) Conversing with a familiar 
person over the telephone, S4) Conversing with a stranger over the telephone, 
S5) Being part of a conversation in a noisy environment (social gathering), S6) 
Speaking to a friend when you are emotionally upset or you are angry, S7) 
Having a conversation while traveling in a car, S8) Having a conversation with 
someone at a distance (across a room), and S9) Having a long conversation with 
someone (over an hour).  
This questionnaire was administered to the PD and control speaker 
groups as a self-report measure and to the primary communication partners of 
the PD speaker group as an other-report measure of the PD speakers’ 
effectiveness to validate the PD speakers’ self-report once at the beginning of 
the experiment. The descriptive statistics (means and standard deviations) from 
the 4-point Likert scales for each speaker group can be found in Table 1 and are 
illustrated in Figure 3. Selecting 1 on the 4-point Likert scale expressed a rating 
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of “not at all effective,” and selecting 4 expressed a rating of “very effective” in 
the communication situation presented.   
Overall, the control speaker group reported greater communicative 
effectiveness than the PD speaker group across all communication situations 
presented in the CES-M. Control speakers reported being the least effective 
when having a conversation with someone at a distance (S8) (M = 2.6), having a 
conversation in a noisy environment (S5) (M = 3.0), and having a long 
conversation (S9) (M = 3.1). PD speakers reported being the least effective when 
having a conversation in a noisy environment (S5) (M = 2.0) and having a long 
conversation (S9) (M = 2.0). Correlational analyses between the control and PD 
speaker groups detected a moderate, positive correlation between group 
averages across all communication situations (r = .632). However, there was a 
strong positive correlation between the average scores reported by the primary 
communication partner group and the average self-reported scores from the 
corresponding PD participants (r = .962). 
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Figure 3. Communicative effectiveness score by speaker group. This figure 
illustrates the average communicative effectiveness score self-reported by the 
control group (bottom panel) and the PD speaker group (top panel) for each 
communication situation. 	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Table 1  
Communicative Effectiveness Score by Speaker Group 
 Control Parkinson’s 
Communication 
Situation 
Mean  Standard Deviation Mean  Standard 
Deviation 
Situation 1 3.6 0.516 2.6 0.516 
Situation 2 3.4 0.924 2.6 0.699 
Situation 3 3.7 0.786 2.7 0.675 
Situation 4 3.4 0.809 2.4 0.516 
Situation 5 3.0 0.894 2.0 0.667 
Situation 6 3.3 0.934 2.5 0.675 
Situation 7 3.2 0.874 2.2 0.789 
Situation 8 2.6 0.924 2.4 0.699 
Situation 9 3.1 0.894 2.0 0.876 
*Note: average scores are based on a 4-point Likert scale. 
3.1.2 Levels of Speech Usage: Self-Report Scale.  
The purpose of this questionnaire was to determine how often and in 
what ways the speaker typically uses speech. This questionnaire was 
administered to the PD and control speaker groups once at the beginning of the 
experiment. Each speaker selected the single category that best described 
his/her typical speech use: 1) Undemanding, 2) Intermittent, 3) Routine, 4) 
Extensive, and 5) Extraordinary. No speaker participants identified their speech 
level as extraordinary, and only one speaker from each group identified their 
speech level as extensive. Most control speakers identified their speech level as 
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routine (n = 6), the remaining control speakers identified their speech level as 
intermittent (n = 4), and no control speakers identified their speech level as 
undemanding. Most PD speakers identified their speech level as intermittent (n = 
4), but an equal number of PD speakers identified their speech level as routine (n  
= 3) and undemanding (n  = 3). 
3.1.3 Speech intensity self-report.  
Both speaker groups rated their typical speech volume using a visual 
analog scale on the intake survey. A score of 0% on the visual analog scale 
indicated that the individual perceived their typical speech as “very quiet,” and a 
score of 100% indicated their typical speech was “very loud.” After the PD 
speakers gave a rating of their typical speech volume currently, i.e., within the 
past year, they were asked to provide a second rating for their typical speech 
volume before the onset of PD if they perceived any change in their typical 
speech volume had taken place since. The speech intensity self-report scores 
were analyzed by conducting a paired t-test and two independent t-tests. The 
paired t-test (Appendix P) compared the PD speakers’ ratings of their current 
speech to their ratings of their speech prior to the onset of PD. One independent 
t-test compared the control speakers’ ratings to the PD speakers’ current ratings 
(Appendix Q) and the other compared the control speakers’ ratings to the PD 
speakers’ ratings prior to the onset of PD (Appendix R). 
The independent t-tests found that control speakers rated their typical 
speech intensity (M = 51.0, SD = 8.96) as significantly louder than the PD 
speakers rated their current typical speech intensity (M = 28.0, SD = 14.4), t(19) 
= 4.35, p < .001, but not significantly different from the PD speakers rating prior 
to the onset of PD (M = 57.3, SD = 14.2), t(17) = 1.18, p = .256. The paired t-test 
found that PD speakers rated their current typical speech intensity as 
significantly quieter than it was prior to the onset of PD, t(8) = 4.75, p = .001. 
3.1.4 Voice Activity and Participation Profile - modified.  
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The purpose of this questionnaire was to determine how severely and 
frequently the participants’ speech impairments associated with Parkinson’s 
disease have impacted their activities of daily living and their level of 
participation in these activities. This questionnaire was administered only to the 
PD speaker group once at the beginning of the experiment. The descriptive 
statistics (means and standard deviations) from the visual analog scaling 
procedure can be found in Table 2 and are illustrated in Figure 4. The questions 
were: Q1) How severe is your speech problem now?, Q2) Do people ask you to 
repeat what you have just said because of your speech problem?, Q3) Does 
your speech problem affect your communication in quiet environments?, Q4) 
Does your speech problem affect your communication in noisy environments?, 
Q5) In the last 6 months, have you ever avoided having conversations in noisy 
environments because of your speech problem?, Q6) Does your speech problem 
affect you in social activities?, and Q7) Do you feel upset about your speech 
problem?  
For the first question regarding overall speech impairment severity, 0% 
indicated the individual perceived their speech to be “normal,” and 100% 
indicated the individual perceived their speech problem to be “severe.” 
However, the remaining questions were termed differently so that 0% indicated 
the activity was “never” impacted by the speech impairment, and a score of 
100% indicated that the activity was “always” impacted by the speech 
impairment.  
In rating the overall severity of their speech problem (Q1), PD speakers 
reported an average severity rating of 38% using a visual analog scaling 
procedure ranging from normal (0%) to severe (100%). The results from the 
remaining questions indicate that PD speakers judged their speech problem to 
have the greatest impact on their speech in noisy environments (Q4), which 
negatively impacted them approximately 57% of the time, and on the number of 
	  	   	  
41 
times they were asked to repeat themselves (Q2), which negatively impacted 
them approximately 49% of the time.  
	  
Figure 4. Rating of the impact of the speech problem in terms of severity and 
frequency for each question on the VAPP-M. This figure illustrates the average 
severity and frequency of the impact reported by the PD speaker group for each 
VAPP-M question. 	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Table 2  
Impact Rating by VAPP-M Question 
VAPP-M Question Mean  Standard Deviation 
Question 1 38.1 24.2 
Question 2 48.7 26.6 
Question 3 41.5 25.0 
Question 4 56.9 33.1 
Question 5 34.3 35.7 
Question 6 41.9 32.7 
Question 7 33.2 28.8 
*Note: impact ratings represent the percentage on a visual analog scale from 0–100%.   
3.1.5 Speech amplification device expectation survey.  
The purpose of this questionnaire was to determine how PD speakers 
expected speech amplification devices to perform and what PD speakers 
expected to experience when using a device. This questionnaire was 
administered to only the PD speaker group once at the beginning of the 
experiment prior to viewing or testing any devices. The descriptive statistics 
(means and standard deviations) from the visual analog scaling procedure can 
be found in Table 3 and are illustrated in Figure 5. Expectation statements were: 
S1) A speech amplification device will be comfortable, S2) A speech 
amplification device will have an acceptable appearance, S3) A speech 
amplification device will have a natural sound, S4) A speech amplification device 
will reduce the number of times people ask me to repeat myself, S5) Using a 
speech amplification device will make people understand my speech, and S6) 
Using a speech amplification device will make it easier to speak. A score of 0% 
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indicated complete disagreement with the expectation statement, and a score of 
100% indicated complete agreement with the expectation statement. 
The results from this survey indicate that all expectation statements 
aligned with the PD speakers’ expectations of speech amplification devices. PD 
speakers had the highest expectation for a speech amplification device to 
reduce the number of times they were asked to repeat themselves (S4) and the 
lowest expectation for a speech amplification device to reduce difficulties with 
speech (S6).   
	  
Figure 5. Agreement for each expectation. This figure illustrates the average 
agreement reported by the PD speaker group for each expectation statement. 
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Table 3  
Agreement by Expectation Statement 
Expectation Mean  Standard Deviation 
Statement 1 63.7 27.1 
Statement 2 67.8 21.5 
Statement 3 62.0 25.3 
Statement 4 73.1 18.6 
Statement 5 61.1 26.5 
Statement 6 58.3 28.8 
*Note: agreement values represent the percentage on a visual analog scale from 0–100%.   
3.1.6 Speech amplification device experience survey.  
The purpose of this questionnaire was to determine how the speakers 
perceived their experience of using a speech amplification device. This 
questionnaire was administered to the PD and control speaker groups 
immediately after using each device. Device experience questionnaires were 
analyzed by examining the average scores provided by control and PD speaker 
groups on visual analog scales for each dimension: 1) Physical comfort, 2) Visual 
presentation, 3) Sound quality, 4) Perceived amplification power, and 5) Overall 
preference. For each dimension, a two-factor, repeated-measures ANOVA was 
conducted using speaker group as the between-groups factor with two levels 
(control, PD) and device type as the within-group factor with seven levels 
(ADDvox, BoomVox, ChatterVox, Oticon, SoniVox, Spokeman, Voicette). The 
alpha level used for each ANOVA was .05. As a secondary analysis, a series of 
planned, paired t-tests was used to examine the device ratings provided by only 
the PD participants in more detail. For each experiential dimension, the results 
from the primary analysis of the ANOVA will be presented first, and then the 
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results from the secondary analysis of the related t-tests will be presented 
without the Bonferroni correction applied as discussed in Chapter 2. 
Physical comfort. Both speaker groups provided experience ratings for 
each device immediately after using it. The question posed was “How 
comfortable is this device to wear?” with a visual analog scale ranging from 
uncomfortable (0%) to comfortable (100%). The detailed results of the two-
factor ANOVA related to comfort are presented in Appendix S. 
The main effect of speaker group was not significant F(1, 19) = 1.10, p = 
.308, ηp2 = .055. This indicates that the comfort ratings provided by the control 
group (M = 75.5, SE = 4.78) were similar to those of the PD participant group (M 
= 68.6, SE = 4.56) across all speech amplification device types. 
Mauchly’s test indicated that the assumption of sphericity had been 
violated (χ2(20) = 33.5, p = .032) for the main effect of device type; therefore, 
degrees of freedom were corrected using Greenhouse-Geisser estimates of 
sphericity (ε = .640) for the main effect of device type and for the two-way 
speaker group by device type interaction. 
The main effect of speech amplification device was significant F(3.84, 
73.0) = 4.59, p = .003, ηp2 = .195, and is illustrated in Figure 6 with associated 
means and standard error scores listed in Table 4. This significant main effect 
indicates that there was a significant difference in the comfort ratings across the 
seven different device conditions.  
Post-hoc paired comparisons of this significant main effect of device type 
were performed using the Bonferroni correction (p = .05/21 comparisons = 
.0024) and significance values presented for these comparisons represent the 
corrected values. The Oticon was given the highest average comfort rating but 
did not receive comfort ratings that were significantly higher than those of any 
other device (p ≥ .064). The Voicette was rated as the least comfortable device, 
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and received a comfort rating that was significantly lower than those of the 
Spokeman (p = .014) and the BoomVox (p = .029). There were no other 
significant differences in comfort ratings across devices (p ≥ .230). 
	  
Figure 6. Comfort rating by speech amplification device. This figure illustrates 
the average comfort rating for each speech amplification device. Note: standard 
error was used for the error bars. 
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Table 4  
Comfort Rating by Speech Amplification Device 
Speech Amplification Device  Mean  Standard Error Score 
ADDvox 72.5 4.89 
BoomVox 76.3 4.23 
ChatterVox 69.8 5.15 
Oticon 78.8 3.86 
SoniVox 74.2 4.28 
Spokeman 78.0 3.87 
Voicette 54.7 6.99 
*Note: experience ratings represent the percentage on a visual analog scale from 0–100%.   
The speaker group by device type interaction was not significant F(3.84, 
73.0) = 0.132, p = .967, ηp2 = .007, and is illustrated in Figure 7 with associated 
means and standard error scores listed in Table 5. This non-significant 
interaction indicates that each speaker group gave a similar pattern of comfort 
ratings across different device types. 
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Figure 7. Comfort rating by speech amplification device. This figure illustrates 
the average comfort ratings provided by the control speaker group (top panel) 
and the PD group (bottom panel). 
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Table 5  
Comfort Rating by Speech Amplification Device 
 Control Parkinson’s 
Speech 
Amplification 
Device 
Mean  Standard Deviation Mean  Standard 
Deviation 
ADDvox 75.4 7.07 69.6 6.74 
BoomVox 78.1 6.12 74.6 5.83 
ChatterVox 72.5 7.46 67.2 7.11 
Oticon 82.8 5.59 74.8 5.33 
SoniVox 79.0 6.20 69.4 5.91 
Spokeman 80.5 5.61 75.5 5.35 
Voicette 60.4 10.12 49.1 9.65 
*Note: experience ratings represent the percentage on a visual analog scale from 0–100%.   
As a secondary analysis, a series of planned paired-samples t-tests 
(Appendix T) was conducted as a more detailed examination of experiential 
differences between device types (ADDvox, BoomVox, ChatterVox, Oticon, 
SoniVox, Spokeman, and Voicette) according to the speaker group of primary 
interest, i.e., the PD speaker group. The PD speaker group gave significantly 
different comfort ratings across different device types. A summary of the 
significance values from the paired comparisons between each device type is 
listed in Table 6. 
The Voicette received a comfort rating that was not significantly lower 
than that of the SoniVox, t(10) = 1.92, p = .085, but was significantly lower than 
those of all other device types: the Spokeman, t(10) = 3.11, p = .011; Oticon, 
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t(10) = 2.24, p = .049; the BoomVox, t(10) = 3.31, p = .008; the ADDvox, t(10) = 
2.33, p = .042; and the ChatterVox, t(10) = 2.25, p = .048.  
There were no other significant differences in comfort ratings found 
between any other device types. The ChatterVox received a comfort rating that 
was not significantly lower than that of any other device type: the Spokeman, 
t(10) = 1.39, p = .196; Oticon, t(10) = 0.801, p = .442; the BoomVox, t(10) = 1.79, 
p = .104; the ADDvox, t(10) = 0.389, p = .706; or the SoniVox, t(10) = 0.414, p = 
.688. 
The SoniVox received a comfort rating that was not significantly lower 
than that of any other device type: the Spokeman, t(10) = 0.699, p = .501; 
Oticon, t(10) = 0.529, p = .609; the BoomVox, t(10) = 0.893, p = .393; or the 
ADDvox, t(10) = 0.031, p = .976. 
The ADDvox received a comfort rating that was not significantly lower 
than that of any other device type: the Spokeman, t(10) = 0.687, p = .508; 
Oticon, t(10) = 0.560, p = .588; or the BoomVox, t(10) = 0.855, p = .413. 
The BoomVox received a comfort rating that was not significantly lower 
than that of the Spokeman, t(10) = 0.221, p = .829, or Oticon, t(10) = 0.031, p = 
.976, and the Oticon received a comfort rating that was not significantly lower 
than that of the Spokeman, t(10) = 0.100, p = .922. 
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Table 6  
Significance Values from the Device Comparisons for Comfort Ratings 
 Spokeman Oticon BoomVox ADDvox SoniVox ChatterVox 
Voicette .011 .049 .008 .042 NS .048 
ChatterVox NS NS NS NS NS 
SoniVox NS NS NS NS 
ADDvox NS NS NS 
BoomVox NS NS 
Oticon NS 
Visual presentation. Both speaker groups provided experience ratings for 
each device immediately after using it. The question posed was “How 
acceptable is this device to wear in public?” with a visual analog scale ranging 
from unacceptable (0%) to acceptable (100%). The detailed results of the two-
factor ANOVA related to visual presentation are presented in Appendix U. 
The main effect of speaker group was not significant F(1, 19) = 1.06, p = 
.315, ηp2 = .053. This indicates that the appearance ratings provided by the 
control group (M = 70.3, SE = 4.96) were similar to those of the PD participant 
group (M = 63.2, SE = 4.73) across all speech amplification device types. 
The main effect of speech amplification device was significant F(6, 114) = 
5.21, p < .001, ηp2 = .215, and is illustrated in Figure 8 with associated means 
and standard error scores listed in Table 7. This significant main effect indicates 
that there was a significant difference in the appearance ratings across the 
seven different device conditions.  
Post-hoc paired comparisons of this significant main effect of device type 
were performed using the Bonferroni correction (p = .05/21 comparisons = 
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.0024) and significance values presented for these comparisons represent the 
corrected values. The Voicette received the lowest visual presentation rating, 
which was significantly lower than those of the Spokeman (p = .013) with the 
highest rating, the SoniVox (p = .046), and the Oticon (p = .032). However, the 
Voicette did not receive significantly lower than the ChatterVox, ADDvox, or 
BoomVox (p ≥ .083). There were no other significant differences in visual 
presentation ratings across devices (p ≥ .633). 	  
	  
Figure 8. Visual presentation rating by speech amplification device. This figure 
illustrates the average visual presentation rating for each speech amplification 
device. Note: standard error was used for the error bars. 
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Table 7  
Visual Presentation Rating by Speech Amplification Device 
Speech Amplification Device  Mean  Standard Error Score 
ADDvox 66.5 4.62 
BoomVox 64.1 5.63 
ChatterVox 68.3 5.13 
Oticon 69.3 4.95 
SoniVox 73.1 3.80 
Spokeman 76.8 3.65 
Voicette 48.9 6.47 
*Note: experience ratings represent the percentage on a visual analog scale from 0–100%.   
The speaker group by device type interaction was not significant F(6, 114) 
= 0.452, p = .842, ηp2 = .023, and is illustrated in Figure 9 with associated means 
and standard error scores listed in Table 8. This non-significant interaction 
indicates that each speaker group gave a similar pattern of visual presentation 
ratings across different device types. 	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Figure 9. Visual presentation rating by speech amplification device. This figure 
illustrates the average visual presentation ratings provided by the control 
speaker group (top panel) and the PD group (bottom panel). 
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Table 8  
Visual Presentation Rating by Speech Amplification Device 
 Control Parkinson’s 
Speech 
Amplification 
Device 
Mean  Standard Deviation Mean  Standard 
Deviation 
ADDvox 72.7 6.70 60.4 6.38 
BoomVox 62.7 8.15 65.5 7.77 
ChatterVox 73.8 7.42 62.8 7.07 
Oticon 74.7 7.17 63.8 6.83 
SoniVox 75.2 5.50 71.1 5.24 
Spokeman 80.8 5.28 72.8 5.03 
Voicette 51.9 9.37 45.9 8.94 
*Note: experience ratings represent the percentage on a visual analog scale from 0–100%.   
As a secondary analysis, a series of planned paired-samples t-tests 
(Appendix V) was conducted as a more detailed examination of experiential 
differences between device types (ADDvox, BoomVox, ChatterVox, Oticon, 
SoniVox, Spokeman, and Voicette) according to the speaker group of primary 
interest, i.e., the PD speaker group. The PD speaker group gave significantly 
different visual presentation ratings across different device types. A summary of 
the significance values from the paired comparisons between each device type 
is listed in Table 9. 
The Voicette received a visual presentation rating that was not 
significantly lower than that of the Oticon, t(10) = 2.23, p = .050, or ADDvox, t(10) 
= 1.77, p = .107, but was significantly lower than those of all other device types: 
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the Spokeman, t(10) = 2.59, p = .027; SoniVox, t(10) = 2.76, p = .020; the 
BoomVox, t(10) = 2.30, p = .044; and the ChatterVox, t(10) = 2.36, p = .040.  
There were no other significant differences in comfort ratings found 
between any other device types. The ADDvox received a visual presentation 
rating that was not significantly lower than that of any other device type: the 
Spokeman, t(10) = 1.58, p = .145; the SoniVox, t(10) = 2.10, p = .062; the 
BoomVox, t(10) = 0.707, p = .496; Oticon, t(10) = 0.461, p = .655; or the 
ChatterVox, t(10) = 0.460, p = .655. 
The ChatterVox received a visual presentation rating that was not 
significantly lower than that of any other device type: the Spokeman, t(10) = 
1.27, p = .234; the SoniVox, t(10) = 1.38, p = .198; the BoomVox, t(10) = 0.430, p 
= .677; or the Oticon, t(10) = 0.181, p = .860. 
The Oticon received a visual presentation rating that was not significantly 
lower than that of any other device type: the Spokeman, t(10) = 1.27, p = .230; 
the SoniVox, t(10) = 0.895, p = .392; or the BoomVox, t(10) = 0.403, p = .696. 
The BoomVox received a visual presentation rating that was not 
significantly lower than that of the Spokeman, t(10) = 1.51, p = .163, or SoniVox, 
t(10) = 0.744, p = .474, and the SoniVox received a rating that was not 
significantly lower than that of the Spokeman, t(10) = 0.294, p = .775. 
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Table 9  
Significance Values from the Device Comparisons for Visual Presentation Ratings 
 Spokeman SoniVox BoomVox Oticon ChatterVox ADDvox 
Voicette .027 .020 .044 NS .040 NS 
ADDvox NS NS NS NS NS 
ChatterVox NS NS NS NS 
Oticon NS NS NS 
BoomVox NS NS 
SoniVox NS 
Sound quality. Both speaker groups provided experience ratings for each 
device immediately after using it. The question posed was “What is the sound 
quality of the speech output from the device?” with a visual analog scale ranging 
from poor sound quality (0%) to good sound quality (100%). The detailed results 
of the two-factor ANOVA related to sound quality are presented in Appendix W. 
The main effect of speaker group was not significant F(1, 19) = 0.080, p = 
.780, ηp2 = .004. This indicates that the sound quality ratings provided by the 
control group (M = 71.2, SE = 3.75) were similar to those of the PD participant 
group (M = 72.6, SE = 3.58) across all speech amplification device types. 
Mauchly’s test indicated that the assumption of sphericity had been 
violated (χ2(20) = 37.8, p = .010) for the main effect of device type; therefore, 
degrees of freedom were corrected using Greenhouse-Geisser estimates of 
sphericity (ε = .601) for the main effect of device type and for the two-way 
speaker group by device type interaction. 
The main effect of speech amplification device was not significant F(3.61, 
68.5) = 1.70, p = .166, ηp2 = .082, and is illustrated in Figure 10 with associated 
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means and standard error scores listed in Table 10. This non-significant main 
effect indicates that there the sound quality ratings were similar across the 
seven different device conditions.  
	  
Figure 10. Sound quality rating by speech amplification device. This figure 
illustrates the average sound quality rating for each speech amplification device. 
Note: standard error was used for the error bars. 
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Table 10  
Sound Quality Rating by Speech Amplification Device 
Speech Amplification Device  Mean  Standard Error Score 
ADDvox 70.9 3.52 
BoomVox 75.6 2.98 
ChatterVox 73.8 3.64 
Oticon 75.0 2.94 
SoniVox 74.2 4.06 
Spokeman 69.0 4.58 
Voicette 64.8 4.61 
*Note: experience ratings represent the percentage on a visual analog scale from 0–100%.   
The speaker group by device type interaction was not significant F(3.61, 
68.5) = 0.723, p = .566, ηp2 = .037, and is illustrated in Figure 11 with associated 
means and standard error scores listed in Table 11. This non-significant 
interaction indicates that each speaker group gave a similar pattern of sound 
quality ratings across different device types. 	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Figure 11. Sound quality rating by speech amplification device. This figure 
illustrates the average sound quality ratings provided by the control speaker 
group (top panel) and the PD group (bottom panel). 
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Table 11  
Sound Quality Rating by Speech Amplification Device 
 Control Parkinson’s 
Speech 
Amplification 
Device 
Mean  Standard Deviation Mean  Standard 
Deviation 
ADDvox 68.9 5.10 73.0 4.86 
BoomVox 74.1 4.32 77.2 4.12 
ChatterVox 69.3 5.27 78.4 5.02 
Oticon 74.3 4.26 75.8 4.06 
SoniVox 75.0 5.88 73.3 5.61 
Spokeman 72.7 6.62 65.2 6.31 
Voicette 63.9 6.68 65.6 6.37 
*Note: experience ratings represent the percentage on a visual analog scale from 0–100%.   
As a secondary analysis, a series of planned paired-samples t-tests 
(Appendix X) was conducted as a more detailed examination of experiential 
differences between device types (ADDvox, BoomVox, ChatterVox, Oticon, 
SoniVox, Spokeman, and Voicette) according to the speaker group of primary 
interest, i.e., the PD speaker group. These paired t-tests found that the PD 
speaker group gave significantly different sound quality ratings across different 
device types. A summary of the significance values from the paired comparisons 
between each device type is listed in Table 12. 
The ChatterVox received a sound quality rating that was significantly 
higher than those of the Voicette, t(10) = 2.78, p = .020, and Spokeman, t(10) = 
2.33, p = .042. However, the ChatterVox did not receive a significantly higher 
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rating than those of all other device types: the BoomVox, t(10) = 0.564, p = .585; 
Oticon, t(10) = 0.705, p = .497; the SoniVox, t(10) = 0.823, p = .430; or the 
ADDvox, t(10) = 1.33, p = .214.  
There were no other significant differences in sound quality ratings found 
between any other device types. The BoomVox did not receive a significantly 
higher sound quality rating than those of all other device types: Oticon, t(10) = 
0.474, p = .646; the SoniVox, t(10) = 0.633, p = .541; the ADDvox, t(10) = 1.06, p 
= .315; Voicette, t(10) = 1.95, p = .080; or the Spokeman, t(10) = 1.72, p = .116.  
The Oticon did not receive a significantly higher sound quality rating than 
those of all other device types: the SoniVox, t(10) = 0.352, p = .732; the ADDvox, 
t(10) = 0.569, p = .582; Voicette, t(10) = 1.66, p = .128; or the Spokeman, t(10) = 
1.66, p = .128. 
The SoniVox did not receive a significantly higher sound quality rating 
than those of all other device types: the ADDvox, t(10) = 0.078, p = .939; 
Voicette, t(10) = 0.888, p = .396; or the Spokeman, t(10) = 1.03, p = .327. 
The ADDvox did not receive a significantly higher sound quality rating 
than that of the Voicette, t(10) = 1.04, p = .323, or Spokeman, t(10) = 1.09, p = 
.303, and the Voicette received a sound quality rating that was not significantly 
higher than that of the Spokeman, t(10) = 0.095, p = .926. 
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Table 12  
Significance Values from the Device Comparisons for Sound Quality Ratings 
 ChatterVox BoomVox Oticon SoniVox ADDvox Voicette 
Spokeman .042 NS NS NS NS NS 
Voicette .020 NS NS NS NS 
ADDvox NS NS NS NS 
SoniVox NS NS NS 
Oticon NS NS 
BoomVox NS 
Perceived amplification power. Both speaker groups provided experience 
ratings for each device immediately after using it. The question posed was “How 
well does the output from the device overcome the background noise?” with a 
visual analog scale ranging from poor amplification power (0%) to good 
amplification power (100%). The detailed results of the two-factor ANOVA 
related to amplification power are presented in Appendix Y. 
The main effect of speaker group was not significant F(1, 19) = 0.297, p = 
.592, ηp2 = .015. This indicates that the amplification power ratings provided by 
the control group (M = 74.5, SE = 3.64) were similar to those of the PD 
participant group (M = 71.8, SE = 3.47) across all speech amplification device 
types. 
Mauchly’s test indicated that the assumption of sphericity had been 
violated (χ2(20) = 38.79, p = .008) for the main effect of device type; therefore, 
degrees of freedom were corrected using Greenhouse-Geisser estimates of 
sphericity (ε = .578) for the main effect of device type and for the two-way 
speaker group by device type interaction. 
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The main effect of speech amplification device was not significant F(3.47, 
65.9) = 1.85, p = .138, ηp2 = .089, and is illustrated in Figure 12 with associated 
means and standard error scores listed in Table 13. This non-significant main 
effect indicates that amplification ratings were similar across the seven different 
device conditions.  
	  
Figure 12. Amplification power rating by speech amplification device. This figure 
illustrates the average amplification power rating for each speech amplification 
device. Note: standard error was used for the error bars. 
  
66
68
70
72
74
76
78
80
82
Voicette ADDvox Spokeman Oticon SoniVox BoomVoxChatterVox
Pe
rc
ei
ve
d 
Am
pl
ifi
ca
tio
n 
Po
w
er
 (%
)
Speech Amplification Device Type
	  	   	  
65 
Table 13  
Amplification Power Rating by Speech Amplification Device 
Speech Amplification Device  Mean  Standard Error Score 
ADDvox 68.6 3.94 
BoomVox 76.8 2.22 
ChatterVox 76.9 3.19 
Oticon 74.4 2.88 
SoniVox 74.8 3.54 
Spokeman 72.7 4.40 
Voicette 67.8 4.15 
*Note: experience ratings represent the percentage on a visual analog scale from 0–100%.   
The speaker group by device type interaction was not significant F(3.47, 
65.9) = 0.497, p = .712, ηp2 = .025, and is illustrated in Figure 13 with associated 
means and standard error scores listed in Table 14. This non-significant 
interaction indicates that each speaker group gave a similar pattern of 
amplification power ratings across different device types. 	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Figure 13. Amplification power rating by speech amplification device. This figure 
illustrates the average amplification power ratings provided by the control 
speaker group (top panel) and the PD group (bottom panel). 
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Table 14  
Amplification Power Rating by Speech Amplification Device 
 Control Parkinson’s 
Speech 
Amplification 
Device 
Mean  Standard Deviation Mean  Standard 
Deviation 
ADDvox 69.0 5.70 68.2 5.44 
BoomVox 77.7 3.22 75.9 3.07 
ChatterVox 75.7 4.62 78.2 4.40 
Oticon 74.5 4.17 74.2 3.98 
SoniVox 77.5 5.12 72.2 4.88 
Spokeman 77.2 6.37 68.2 6.07 
Voicette 70.1 6.01 65.6 5.73 
*Note: experience ratings represent the percentage on a visual analog scale from 0–100%.   
As a secondary analysis, a series of planned paired-samples t-tests 
(Appendix Z) was conducted as a more detailed examination of experiential 
differences between device types (ADDvox, BoomVox, ChatterVox, Oticon, 
SoniVox, Spokeman, and Voicette) according to the speaker group of primary 
interest, i.e., the PD speaker group. These paired t-tests revealed that the PD 
speaker group gave significantly different amplification power ratings across 
different device types. A summary of the significance values from the paired 
comparisons between each device type is listed in Table 15. 
The ChatterVox received an amplification power rating that was 
significantly higher than those of the Voicette, t(10) = 2.54, p = .030, and 
Spokeman, t(10) = 2.58, p = .027. However, the ChatterVox did not receive a 
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significantly higher rating than those of all other device types: the BoomVox, 
t(10) = 0.721, p = .487; Oticon, t(10) = 1.10, p = .296; the SoniVox, t(10) = 1.03, p 
= .328; or the ADDvox, t(10) = 1.74, p = .112.  
There were no other significant differences in amplification power ratings 
found between any other device types. The BoomVox did not receive a 
significantly higher amplification power rating than those of all other device 
types: Oticon, t(10) = 0.524, p = .612; the SoniVox, t(10) = 0.705, p = .497; the 
ADDvox, t(10) = 1.44, p = .182; the Spokeman, t(10) = 1.51, p = .162; or Voicette, 
t(10) = 1.65, p = .129.  
The Oticon did not receive a significantly higher amplification power rating 
than those of all other device types: the SoniVox, t(10) = 0.301, p = .769; the 
ADDvox, t(10) = 0.847, p = .417; the Spokeman, t(10) = 1.01, p = .335; or 
Voicette, t(10) = 1.30, p = .222. 
The SoniVox did not receive a significantly higher amplification power 
rating than those of all other device types: the ADDvox, t(10) = 1.58, p = .144; 
the Spokeman, t(10) = 0.542, p = .600; or Voicette, t(10) = 0.745, p = .473. 
The ADDvox did not receive a significantly higher amplification power 
rating than that of the Spokeman, t(10) = 0.009, p = .993; or Voicette, t(10) = 
0.304, p = .767, and the Spokeman received an amplification power rating that 
was not significantly higher than that of the Voicette, t(10) = 0.450, p = .662. 
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Table 15  
Significance Values from the Device Comparisons for Amplification Ratings 
 ChatterVox BoomVox Oticon SoniVox ADDvox Spokeman 
Voicette .030 NS NS NS NS NS 
Spokeman .027 NS NS NS NS 
ADDvox NS NS NS NS 
SoniVox NS NS NS 
Oticon NS NS 
BoomVox NS 
Overall preference. Both speaker groups provided experience ratings for 
each device immediately after using it. The question posed was “Overall, is this 
a device that you would prefer to use?” with a visual analog scale ranging from 
low preference, i.e., prefer not to use, (0%) to high preference, i.e., prefer to use, 
(100%). The detailed results of the two-factor ANOVA related to overall 
preference are presented in Appendix AA. 
The main effect of speaker group was not significant F(1, 19) = 0.135, p = 
.717, ηp2 = .007. This indicates that the overall preference ratings provided by the 
control group (M = 61.3, SE = 4.41) were similar to those of the PD participant 
group (M = 59.1, SE = 4.21) across all speech amplification device types. 
Mauchly’s test indicated that the assumption of sphericity had been 
violated (χ2(20) = 36.75, p = .014) for the main effect of device type; therefore, 
degrees of freedom were corrected using Greenhouse-Geisser estimates of 
sphericity (ε = .631) for the main effect of device type and for the two-way 
speaker group by device type interaction. 
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The main effect of speech amplification device was significant F(3.79, 
72.0) = 4.59, p = .008, ηp2 = .166, and is illustrated in Figure 14 with associated 
means and standard error scores listed in Table 16. This significant main effect 
indicates that there was a significant difference in the overall preference ratings 
across the seven different device conditions.  
Post-hoc paired comparisons of this significant main effect of device type 
were performed using the Bonferroni correction (p = .05/21 comparisons = 
.0024) and significance values presented for these comparisons represent the 
corrected values. The Voicette was rated as the least preferable device to use, 
and received an overall preference rating that was significantly lower than those 
of the Spokeman (p = .023) with the highest preference rating, the ChatterVox (p 
= .033), and the BoomVox (p = .031). There were no other significant differences 
in overall preference ratings across devices (p ≥ .106). 
	  
Figure 14. Overall preference rating by speech amplification device. This figure 
illustrates the average overall preference rating for each speech amplification 
device. Note: standard error was used for the error bars. 
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Table 16  
Overall Preference Rating by Speech Amplification Device 
Speech Amplification Device  Mean  Standard Error Score 
ADDvox 57.9 4.59 
BoomVox 60.9 5.35 
ChatterVox 66.2 3.78 
Oticon 63.3 5.19 
SoniVox 62.1 5.82 
Spokeman 68.7 4.78 
Voicette 42.5 5.80 
*Note: experience ratings represent the percentage on a visual analog scale from 0–100%.   
The speaker group by device type interaction was not significant F(3.79, 
72.0) = 0.118, p = .972, ηp2 = .006, and is illustrated in Figure 15 with associated 
means and standard error scores listed in Table 17. This non-significant 
interaction indicates that each speaker group gave a similar pattern of overall 
preference ratings across different device types. 	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Figure 15. Overall preference rating by speech amplification device. This figure 
illustrates the average overall preference ratings provided by the control speaker 
group (top panel) and the PD group (bottom panel). 
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Table 17  
Overall Preference Rating by Speech Amplification Device 
 Control Parkinson’s 
Speech 
Amplification 
Device 
Mean  Standard Deviation Mean  Standard 
Deviation 
ADDvox 58.4 6.65 57.3 6.34 
BoomVox 62.0 7.75 59.8 7.39 
ChatterVox 65.1 5.47 67.3 5.21 
Oticon 64.2 7.51 62.4 7.16 
SoniVox 65.7 8.42 58.5 8.03 
Spokeman 69.0 6.92 68.3 6.60 
Voicette 45.0 8.40 40.0 8.01 
*Note: experience ratings represent the percentage on a visual analog scale from 0–100%.   
As a secondary analysis, a series of planned paired-samples t-tests 
(Appendix AB) was conducted as a more detailed examination of experiential 
differences between device types (ADDvox, BoomVox, ChatterVox, Oticon, 
SoniVox, Spokeman, and Voicette) according to the speaker group of primary 
interest, i.e., the PD speaker group. The PD speaker group gave significantly 
different overall preference ratings across different device types. A summary of 
the significance values from the paired comparisons between each device type 
is listed in Table 18. 
The Voicette received an overall preference rating that was not 
significantly lower than that of the SoniVox, t(10) = 1.94, p = .081, but was 
significantly lower than those of all other device types: the Spokeman, t(10) = 
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3.52, p = .006; ChatterVox, t(10) = 4.69, p = .001; the Oticon, t(10) = 2.90, p = 
.016; the BoomVox, t(10) = 3.46, p = .006; or the ADDvox, t(10) = 3.00, p = .013.  
There were no other significant differences in overall preference ratings 
found between any other device types. The ADDvox received an overall 
preference rating that was not significantly lower than that of any other device 
type: the Spokeman, t(10) = 1.17, p = .269; ChatterVox, t(10) = 1.78, p = .105; 
the Oticon, t(10) = 0.524, p = .612; the BoomVox, t(10) = 0.311, p = .762; or the 
SoniVox, t(10) = 0.212, p = .837.  
The SoniVox received an overall preference rating that was not 
significantly lower than that of any other device type: the Spokeman, t(10) = 
0.734, p = .480; ChatterVox, t(10) = 1.12, p = .288; the Oticon, t(10) = 0.327, p = 
.750; or the BoomVox, t(10) = 0.128, p = .901. 
The BoomVox received an overall preference rating that was not 
significantly lower than that of any other device type: the Spokeman, t(10) = 
1.06, p = .313; ChatterVox, t(10) = 1.40, p = .191; or the Oticon, t(10) = 0.639, p 
= .537. 
The Oticon received an overall preference rating that was not significantly 
lower than that of the ChatterVox, t(10) = 0.663, p = .522, or Spokeman, t(10) = 
0.883, p = .398, and the ChatterVox received an overall preference rating that 
was not significantly lower than that of the Spokeman, t(10) = 0.130, p = .899. 
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Table 18  
Significance Values from the Device Comparisons for Overall Preference Ratings 
 Spokeman ChatterVox Oticon BoomVox SoniVox ADDvox 
Voicette .006 .001 .016 .006 NS .013 
ADDvox NS NS NS NS NS 
SoniVox NS NS NS NS 
BoomVox NS NS NS 
Oticon NS NS 
ChatterVox NS 	  
In summary, the BoomVox, ChatterVox, and Oticon received high ratings 
fairly consistently across all experiential dimensions. The PD speakers rated the 
ChatterVox significantly higher than all other devices for the functional 
dimensions (sound quality and amplification power). The ADDvox and SoniVox 
received moderate ratings across dimensions, but the SoniVox usually received 
a higher rating than the ADDvox. The Spokeman received lower ratings on 
functional dimensions, higher ratings on aesthetic dimensions (comfort and 
visual presentation), and the highest overall preference rating. The Voicette was 
given consistently low ratings across all experiential dimensions, and all 
speakers rated the Voicette significantly lower than all other devices for comfort, 
visual presentation, and overall preference. Table 19 displays the hierarchical 
order of the speech amplification devices across experiential dimensions 
according to ratings from all speakers and according to ratings from the PD 
speakers only. 
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Table 19  
Overall Rank for Each Amplification Device across Experiential Dimensions 
Dimension 1 2 3 4 5  6  7 
Comfort 
(All) 
Oticon Spokeman BoomVox SoniVox ADDvox ChatterVox Voicette* 
Comfort 
(PD) 
Spokeman Oticon BoomVox ADDvox SoniVox ChatterVox Voicette* 
Visual (All) Spokeman SoniVox Oticon ChatterVox ADDvox BoomVox Voicette*  
Visual (PD) Spokeman SoniVox BoomVox Oticon ChatterVox ADDvox Voicette* 
Sound 
Quality (All) 
BoomVox Oticon SoniVox ChatterVox ADDvox Spokeman Voicette 
Sound 
Quality 
(PD) 
ChatterVox* BoomVox Oticon SoniVox ADDvox Voicette Spokeman 
Power (All) ChatterVox BoomVox SoniVox Oticon Spokeman ADDvox Voicette 
Power (PD) ChatterVox* BoomVox Oticon SoniVox ADDvox Spokeman Voicette 
Prefer (All) Spokeman ChatterVox Oticon SoniVox BoomVox ADDvox Voicette* 
Prefer (PD) Spokeman ChatterVox Oticon BoomVox SoniVox ADDvox Voicette* 
*Significantly different from other devices (p < .05).   
3.2 Speech intensity results 
3.2.1 Primary analysis of speech intensity.  
One of the primary objectives of this study was to examine the effect of 
speech task, background noise level, and speech amplification device type on 
speech intensity in PD and control participants. A four-factor, repeated-
measures ANOVA was performed using the speech intensity values obtained by 
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the assessor using PRAAT software from the speech output of both speaker 
groups (Boersma & Weenik, 2008). This ANOVA was performed with speaker 
participant group as the between-groups factor with two levels (control, PD) and 
three within-group factors: 1) speech task with two levels (SIT, conversation), 2) 
background noise level with two levels (no noise, 65 dB SPL multi-talker noise), 
and 3) type of speech amplification device employed with eight levels (ADDvox, 
BoomVox, ChatterVox, no device (unamplified speech), Oticon, SoniVox, 
Spokeman, and Voicette). The results of the four-factor ANOVA are presented in 
separate sections related to the main effects (group, speech task, noise 
condition, and device type), post-hoc comparisons, and interactions. The 
detailed results of the four-factor ANOVA related to speech intensity are 
presented in Appendix AC.  
Main effects. The main effect of speaker group was significant F(1, 18) = 
6.30, p = .022, ηp2 = .259. This indicates that the speech intensity of control 
group (M = 66.1, SE = 1.14) was significantly higher than that of the PD 
participant group (M = 62.1, SE = 1.14) across all experimental conditions. 
The main effect of speech task was significant F(1, 18) = 18.3, p < .001, 
ηp2 = .505. This indicates that speech produced in the SIT task (M = 64.6, SE = 
0.785) had a significantly higher speech intensity value than speech produced in 
the conversation task (M = 63.4, SE = 0.847).  
The main effect of noise condition was significant F(1, 18) = 670, p < .001, 
ηp2 = .974. This indicates that speech produced in the no noise condition (M = 
59.0, SE = 0.970) had a significantly lower speech intensity value than that of 
speech produced in the 65 dB SPL multi-talker noise condition (M = 69.2, SE = 
0.661).  
Mauchly’s test indicated that the assumption of sphericity had been 
violated (χ2(27) = 40.87, p = .048) for the main effect of device type; therefore, 
degrees of freedom were corrected using Greenhouse-Geisser estimates of 
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sphericity (ε = .587) for the main effect of device type and for the two-way 
speaker group by device type interaction. 
The main effect of speech amplification device was significant F(4.11, 
74.0) = 43.0, p < .001, ηp2 = .705, and is illustrated in Figure 16 with associated 
means and standard error scores listed in Table 20. This significant main effect 
indicates that there was a significant difference in the speech intensity produced 
across the eight different device conditions.  
Post-hoc analysis. Post-hoc paired comparisons of this significant main 
effect of device type were performed using the Bonferroni correction (p = .05/28 
comparisons = .0017) and significance values presented for these comparisons 
represent the corrected values. 
The BoomVox produced speech intensity that was higher than that of the 
ChatterVox (p = .001), Voicette (p = .005), and all other device types at the same 
level of significance (p ≤ .001). The speech intensity produced by the BoomVox 
was approximately a 9 dB SPL increase from that of the no device condition, 
which produced the lowest speech intensity.  
The ChatterVox did not produce significantly higher speech intensity than 
that of the Voicette (p = 1.000) or Oticon (p = .085). However, the ChatterVox 
produced significantly higher speech intensity than that of four device types: the 
SoniVox (p = .008), Spokeman, ADDvox, and the no device condition (p < .001). 
The Voicette did not produce significantly higher speech intensity than 
that of three device types: the Oticon (p = 1.000), SoniVox (p = 1.000), or 
ADDvox (p = .119). However, The Voicette produced significantly higher speech 
intensity than that of the Spokeman (p = .002) and the no device condition (p < 
.001).  
The Oticon did not produce significantly higher speech intensity than that 
of the SoniVox (p = 1.000) or ADDvox (p = .144). However, the Oticon produced 
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significantly higher speech intensity than that of the Spokeman and the no 
device condition (p < .001).  
There were no other significant speech intensity differences between the 
SoniVox, Spokeman, and ADDvox (p ≥ .420), but the no device condition 
produced significantly lower speech intensity than that of the SoniVox, 
Spokeman, and ADDvox (p ≤ .001). 
	  
Figure 16. Speech intensity by speech amplification device type. This figure 
illustrates the average speech intensity for each speech amplification device 
type across all experimental conditions. Note: the standard error was used for 
the error bars. 
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Table 20  
Speech Intensity by Speech Amplification Device 
Amplification Device Type Mean  Standard Error Score 
ADDvox 62.9 0.805 
BoomVox 68.2 0.913 
ChatterVox 65.7 0.910 
No Device 59.8 0.545 
Oticon 64.4 0.906 
SoniVox 64.0 0.947 
Spokeman 62.6 0.890 
Voicette 64.9 1.034 
*Note: speech intensity values are presented in dB SPL.   
Interactions. The speaker group by speech task interaction was not 
significant F(1, 18) = 0.373, p = .549, ηp2 = .020, and is illustrated in Figure 17 
with associated means and standard error scores listed in Table 21. This non-
significant interaction indicates that each speaker group produced a similar 
pattern of speech intensity during the SIT and conversation speech tasks. For 
both groups the speech intensity during the SIT task was approximately 1 dB 
SPL higher than during the conversation task. 
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Figure 17. Speech intensity by speaker group and speech task. This figure 
illustrates the average speech intensity for each speaker group during the SIT 
and conversation task. Note: the standard error was used for the error bars. 
Table 21  
Speech Intensity by Speaker Group and Speech Task 
Speech Task Speaker Group Mean  Standard Error Score 
SIT  Control 66.6 1.11 
SIT Parkinson’s 62.7 1.11 
Conversation Control 65.6 1.20 
Conversation Parkinson’s 61.4 1.20 
*Note: speech intensity values are presented in dB SPL. 
The speaker group by noise condition interaction was significant F(1, 18) 
= 8.84, p = .008, ηp2 = .329, and is illustrated in Figure 18 with associated means 
and standard error scores listed in Table 22. This significant interaction indicates 
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that the control and PD speaker groups produced a significantly different pattern 
of speech intensity across the no noise and 65 dB SPL noise conditions. The 
interaction appears to be primarily related to a significantly greater increase in 
speech intensity in the 65 dB SPL noise condition for the Parkinson’s group than 
for the control group. The Parkinson’s group had approximately an 11 dB SPL 
increase in speech intensity in the 65 dB SPL noise condition relative to the no 
noise condition; whereas, the control group had approximately a 9 dB SPL 
increase in speech intensity in the 65 dB SPL noise condition relative to the no 
noise condition.  
	  
Figure 18. Speech intensity by speaker group and noise condition. This figure 
illustrates the average speech intensity for each speaker participant group in the 
no noise and 65 dB SPL multi-talker background noise conditions. Note: the 
standard error was used for the error bars. 
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Table 22  
Speech Intensity by Speaker Group and Noise Condition 
Noise Condition Speaker Group Mean  Standard Error Score 
No noise Control 61.6 1.371 
No noise Parkinson’s 56.4 1.371 
Multi-talker noise Control 70.6 0.935 
Multi-talker noise Parkinson’s 67.7 0.935 
*Note: speech intensity ratio values are presented in dB SPL. 
The speaker group by device type interaction was not significant F(4.11, 
74.0) = 2.43, p = .053, ηp2 = .119, and is illustrated in Figure 19 with associated 
means and standard error scores listed in Table 23. This non-significant 
interaction indicates that both speaker groups produced a similar pattern of 
speech intensity across the speech amplification device types.  
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Figure 19. Speech intensity by speaker group and speech amplification device 
type. This figure illustrates the average speech intensity for each device type 
across both the control group (bottom panel) and Parkinson’s group (top panel). 
Note: the standard error was used for the error bars.  
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Table 23  
Speech Intensity by Speaker Group and Speech Amplification Device 
 Control Parkinson’s 
Device Type Mean Standard Error 
Score 
Mean Standard Error 
Score 
ADDvox 65.3 1.138 60.6 1.138 
BoomVox 70.6 1.291 65.8 1.291 
ChatterVox 68.0 1.287 63.3 1.287 
No Device 60.5 0.771 59.1 0.771 
Oticon 66.6 1.281 62.3 1.281 
SoniVox 66.3 1.339 61.6 1.339 
Spokeman 64.7 1.258 60.5 1.258 
Voicette 66.7 1.463 60.5 1.463 
*Note: speech intensity values are presented in dB SPL. 
The speech task by noise condition interaction was significant F(1, 18) = 
34.9, p < .001, ηp2 = .660, and is illustrated in Figure 20 with associated means 
and standard error scores listed in Table 24. This significant interaction indicates 
that the effect of the speech tasks (SIT reading versus conversation) was 
associated with a significantly different pattern of speech intensity production 
across the two noise conditions (no noise versus 65 dB SPL noise). The 
interaction appears to be primarily related to a significantly greater decrease in 
speech intensity produced in the no noise condition during the conversation task 
compared to the SIT task. The conversation task was associated with 
approximately a 12 dB SPL decrease in speech intensity produced in the no 
noise condition relative to the multi-talker condition; whereas, the SIT task was 
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associated with approximately a 9 dB SPL decrease in speech intensity 
produced in the no noise condition relative to the multi-talker condition.  
	  
Figure 20. Speech intensity by speech task and noise condition. This figure 
illustrates the average speech intensity for each speech task in the no noise and 
65 dB SPL multi-talker background noise conditions. Note: the standard error 
was used for the error bars. 
Table 24  
Speech Intensity by Speech Task and Noise Condition 
Noise Condition Speech Task Mean  Standard Error Score 
No noise SIT 60.1 0.944 
No noise Conversation 57.9 1.035 
Multi-talker noise SIT 69.3 0.651 
Multi-talker noise Conversation 69.1 0.667 
*Note: speech intensity values are presented in dB SPL. 
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The speech task by device type interaction was significant F(7, 126) = 
9.11, p < .001, ηp2 = .336, and is illustrated in Figure 21 with the corresponding 
descriptive statistics (means and standard error scores) listed in Table 25. This 
significant interaction indicates that the speech tasks (SIT reading versus 
conversation) were associated with a significantly different pattern of speech 
intensity produced across the speech amplification device conditions. The same 
four device types that produced the four highest speech intensities during the 
SIT task also produced the four highest speech intensities during the 
conversation task. Congruently, the same four device types that produced the 
four lowest speech intensities during the SIT task also produced the four lowest 
speech intensities during the conversation task. However, within these two 
general groupings, the precise order of some of the device types shifted 
between the SIT and conversation tasks with the exception of the devices with 
highest and lowest speech intensity, which remained in the same positions. 
Overall, the significant interaction appears to be primarily related to the 
differential effects of the speech task on the speech intensity of two device type 
pairs: 1) Voicette and Oticon and 2) ADDvox and Spokeman. The Voicette and 
ADDvox were one position lower in the device hierarchy during the conversation 
task relative to the SIT task; correspondingly, the Oticon and Spokeman were 
one position lower during the conversation task relative to the SIT task. All of the 
other devices remained in the same position. 
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Figure 21. Speech intensity by speech task and speech amplification device 
type. This figure illustrates the average speech intensity for each device type 
across both noise conditions during the SIT (bottom panel) and conversation 
task (top panel). Note: the standard error was used for the error bars.  
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Table 25  
Speech Intensity by Speech Task and Device Type 
 SIT Speech Task Conversation Task 
Device Type Mean Standard Error 
Score 
Mean Standard Error 
Score 
ADDvox 63.7 0.777 62.2 0.882 
BoomVox 68.6 0.909 67.8 0.955 
ChatterVox 66.4 0.893 64.9 0.956 
No Device 60.0 0.530 59.6 0.579 
Oticon 64.9 0.889 64.0 0.945 
SoniVox 64.6 0.947 63.3 0.982 
Spokeman 62.7 0.854 62.6 0.948 
Voicette 66.2 1.074 63.7 1.038 
*Note: speech intensity values are presented in dB SPL. 
Mauchly’s test indicated that the assumption of sphericity had been 
violated (χ2(27) = 51.48, p = .004) for the noise condition by device type 
interaction; therefore, degrees of freedom were corrected using Greenhouse-
Geisser estimates of sphericity (ε = .523) for the two-way noise condition by 
device type interaction and for the three-way speaker group by noise condition 
by device type interaction. The noise condition by device type interaction was 
significant F(3.66, 65.9) = 17.3, p < .001, ηp2 = .489, and is illustrated in Figure 22 
with the descriptive statistics listed in Table 26. This interaction indicates that 
the effect of the noise conditions (no noise versus multi-talker noise) was 
associated with a significantly different pattern of speech intensity production 
across the device types. The interaction appears to be related to the differential 
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effects of the noise condition on the speech intensity production of the Oticon 
and SoniVox. The speech intensity of the Oticon was one position lower in the 
device hierarchy in the multi-talker noise relative to the no noise condition; 
correspondingly, the SoniVox was one position higher in the noise relative to the 
no noise condition. All other devices remained in the same position. 
	  
Figure 22. Speech intensity by noise condition and device type. This figure 
illustrates the average speech intensity for each device type across both speech 
tasks in the no noise condition (bottom panel) and the 65 dB SPL multi-talker 
background noise condition (top panel). Note: the standard error was used for 
the error bars.  
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Table 26  
Speech Intensity by Noise Condition and Device Type 
 No Noise Condition  Multi-talker Noise Condition 
Device Type Mean Standard Error 
Score 
Mean Standard Error 
Score 
ADDvox 57.3 0.985 68.6 0.646 
BoomVox 64.2 1.086 72.3 0.780 
ChatterVox 61.1 1.151 70.2 0.710 
No Device 53.4 0.622 66.2 0.532 
Oticon 59.9 1.172 69.0 0.667 
SoniVox 58.8 1.165 69.2 0.762 
Spokeman 57.0 1.057 68.2 0.741 
Voicette 60.1 1.307 69.8 0.806 
*Note: speech intensity values are presented in dB SPL. 
The three-way interaction between speaker group, speech task, and 
noise condition was not significant F(1, 18) = 0.356, p = .558, ηp2 = .019. This 
indicates that the pattern seen in the significant group by noise interaction is 
similar to that of the non-significant group by task interaction.  
The speaker group by speech task by device type interaction was not 
significant F(7, 126) = 0.342, p = .933, ηp2 = .019. This indicates that the pattern 
seen in the significant speech task by device type interaction is similar to that of 
the non-significant speaker group by device type interaction. 
The speaker group by noise condition by device type interaction was not 
significant F(3.66, 65.9) = 0.809, p = .514, ηp2 = .043. This indicates that the 
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pattern seen in the non-significant group by device type interaction is similar to 
that of the significant noise by device type interaction.  
Mauchly’s test indicated that the assumption of sphericity had been 
violated (χ2(27) = 45.83, p = .016) for the speech task by noise condition by 
device type interaction; therefore, degrees of freedom were corrected using 
Greenhouse-Geisser estimates of sphericity (ε = .601) for the three-way speech 
task by noise condition by device type interaction and for the four-way speaker 
group by speech task by noise condition by device type interaction. 
The speech task by noise condition by device type interaction was 
significant F(4.21, 75.8) = 4.91, p = .001, ηp2 = .214, and is illustrated in Figure 
23. This significant three-way interaction indicates that the pattern seen in the 
significant speech task by device type interaction is significantly different from 
that of the significant noise condition by device type interaction. The hierarchical 
pattern of the devices was influenced to a greater degree by shifting from the 
SIT to the conversation task than it was by shifting from the no noise to the 
multi-talker noise condition. The task-related changes in speech intensity had a 
more pronounced effect on the device hierarchy than the noise-related changes. 
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Figure 23. Speech intensity by speech task by noise condition by device type. 
This figure illustrates the average speech intensity for each device type across 
both speech tasks (left) and across both noise conditions (right). Note: the 
standard error was used for the error bars.  
The four-way interaction between speaker group, speech task, noise 
condition, and device type was not significant F(4.21, 75.8) = 0.699, p = .602, ηp2 
= .037.   
3.2.2 Secondary analysis of speech intensity.  
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A series of planned paired-samples t-tests (Appendix AD) was conducted 
as a more detailed examination of speech intensity differences between device 
types (ADDvox, BoomVox, ChatterVox, no device, Oticon, SoniVox, Spokeman, 
and Voicette) in the most demanding and ecologically-valid context. To 
accomplish this, device types were compared by analyzing the data for only the 
Parkinson’s group during conversation in the multi-talker noise condition. 
The speech output from different device types produced significantly 
different average speech intensity values for the Parkinson’s speaker group 
during the conversation task in the multi-talker noise condition. The t-test results 
are illustrated in Figure 24 with corresponding descriptive statistics (means and 
standard deviations) listed in Table 27. A summary of the significance values 
from the paired comparisons between each device type is listed in Table 28. 
The average speech intensity produced by the BoomVox was significantly 
higher than that of all other device types: the ChatterVox, t(9) = 6.37, p < .001; 
Voicette t(9) = 5.50, p < .001; the SoniVox, t(10) = 7.01, p < .001; the Oticon, 
t(10) = 8.92, p < .001; the Spokeman, t(10) = 8.26, p < .001; the ADDvox, t(10) = 
7.50, p < .001; and the no device condition, t(10) = 6.45, p < .001.  
The average speech intensity produced by the ChatterVox was not 
significantly higher than that of the Voicette, t(9) = 0.330, p = .749, or SoniVox, 
t(9) = 2.00, p = .076. However, the speech intensity produced by the ChatterVox 
was significantly higher than that of five device types: the Oticon, t(9) = 2.94, p = 
.017; the Spokeman, t(9) = 3.15, p = .012; the ADDvox, t(9) = 4.09, p = .003; and 
the no device condition, t(9) = 3.68, p = .005.  
The intensity produced by the Voicette was not significantly higher than 
that of the SoniVox, t(9) = 2.01, p = .075. However, the average speech intensity 
produced by the Voicette was significantly higher than that of four device types: 
the Oticon, t(9) = 2.39, p = .040; the Spokeman, t(9) = 2.32, p = .045; the 
ADDvox, t(9) = 2.82, p = .020; and the no device condition, t(9) = 2.52, p = .033. 
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The average speech intensity produced by the SoniVox was not 
significantly higher than that of four device types: the Oticon, t(10) = 0.870, p = 
.933; the Spokeman, t(10) = 0.795, p = .445; the ADDvox, t(10) = 1.29, p = .227; 
or the no device condition, t(10) = 2.16, p = .056.  
The average speech intensity produced by the Oticon was not 
significantly higher than that of the Spokeman, t(10) = 1.21, p = .254, or ADDvox, 
t(10) = 1.95, p = .080. However, the intensity produced by the Oticon was 
significantly higher than that of the no device condition, t(10) = 2.59, p = .027.  
The speech intensity produced by the Spokeman was not significantly 
higher than that of the ADDvox, t(10) = 1.29, p = .227, or the no device condition, 
t(10) = 2.16, p = .056. The speech intensity produced by the ADDvox was not 
significantly higher than that of the no device condition, t(10) = 1.95, p = .080. 
	  
Figure 24. Speech intensity by device type. This figure illustrates the average 
speech intensity for each device type for only the Parkinson’s speaker group 
during the conversation task in the 65 dB SPL multi-talker noise condition.  
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Table 27  
Speech Intensity by Device Type 
Amplification Device Type Mean  Standard Deviation 
ADDvox 67.3 3.52 
BoomVox 71.3 4.57 
ChatterVox 68.2 3.75 
No Device 66.2 2.79 
Oticon 68.0 4.10 
SoniVox 68.1 4.68 
Spokeman 67.7 4.17 
Voicette 68.1 4.04 
*Note: speech intensity values are presented in dB SPL. 
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Table 28  
Significance Values from the Device Comparisons for Speech Intensity 
 BoomVox ChatterVox Voicette SoniVox Oticon Spokeman ADDvox 
No Device < .001 .005 .033 NS .027 NS NS 
ADDvox < .001 .003 .020 NS NS NS 
Spokeman < .001 .012 .045 NS NS 
Oticon < .001 .017 .040 NS 
SoniVox < .001 NS NS 
Voicette < .001 NS 
ChatterVox < .001 
 
3.3 Speech-to-noise ratio results 
3.3.1 Primary analysis of speech-to-noise ratio.  
One of the primary objectives of this study was to examine the effect of 
speech task, background noise level, and device type on SNR in PD and control 
participants. A four-factor, repeated-measures ANOVA was performed using the 
SNR obtained by the assessor using PRAAT software from the speech outputs 
of both speaker groups (Boersma & Weenik, 2008). This ANOVA was performed 
with speaker participant group as the between-groups factor with two levels 
(control, PD) and three within-group factors: 1) speech task with two levels (SIT, 
conversation), 2) background noise level with two levels (no noise, 65 dB SPL 
multi-talker noise), and 3) type of speech amplification device employed with 
eight levels (ADDvox, BoomVox, ChatterVox, no device (unamplified speech), 
Oticon, SoniVox, Spokeman, and Voicette). The results of the four-factor ANOVA 
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are presented in separate sections related to the main effects (group, speech 
task, noise condition, and device type), post-hoc comparisons, and interactions. 
The detailed results of the four-factor ANOVA related to SNR are presented in 
Appendix AE.  
Main effects. The main effect of speaker group was significant F(1, 18) = 
14.2, p = .001, ηp2 = .442. This indicates that the SNR of control group (M = 9.46, 
SE = 0.712) was significantly higher than that of the PD participant group (M = 
5.66, SE = 0.712) across all experimental conditions. 
The main effect of speech task was significant F(1, 18) = 6.94, p = .017, 
ηp2 = .278. This indicates that speech produced in the SIT task (M = 7.95, SE = 
0.546) had a significantly higher SNR than speech produced in the conversation 
task (M = 7.17, SE = 0.503).  
The main effect of noise condition was significant F(1, 18) = 232, p < .001, 
ηp2 = .928. This indicates that speech produced in the no noise condition (M = 
11.0, SE = 0.690) had a significantly higher SNR than speech produced in the 65 
dB SPL background noise condition (M = 4.14, SE = 0.363).  
The main effect of speech amplification device was significant F(7, 126) = 
38.4, p < .001, ηp2 = .681, and is illustrated in Figure 25 with associated means 
and standard error scores listed in Table 29. This significant main effect 
indicates that there was a significant difference in the SNR across the eight 
different device conditions.  
Post-hoc analysis. Post-hoc paired comparisons of this significant main 
effect of device type were performed using the Bonferroni correction (p = .05/28 
comparisons = .0017) and significance values presented for these comparisons 
represent the corrected values. 
The BoomVox had an SNR that was higher than that of the ChatterVox (p 
= .002), Voicette (p = .009), and all other device types at the same level of 
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significance (p ≤ .001). The SNR for the BoomVox was approximately 8 dB SPL 
higher than that of the no device condition, which had the lowest SNR. 
The ChatterVox did not have a significantly higher SNR than the Voicette 
(p = 1.000) or Oticon (p = .352). However, the ChatterVox had a significantly 
higher SNR than four device types: the SoniVox (p = .011), Spokeman, ADDvox, 
and the no device condition (p < .001). 
The Voicette did not have a significantly higher SNR than three device 
types: the Oticon (p = 1.000), SoniVox (p = 1.000), or ADDvox (p = .071). 
However, The Voicette had a significantly higher SNR than the Spokeman (p = 
.006) and the no device condition (p < .001).  
The Oticon did not have a significantly higher SNR than the SoniVox (p = 
1.000) or ADDvox (p = .160). However, the Oticon had a significantly higher SNR 
than the Spokeman (p = .016) and the no device condition (p < .001).  
There were no other significant SNR differences between the SoniVox, 
Spokeman, and ADDvox (p ≥ .267), but the no device condition had a 
significantly lower SNR than the SoniVox, Spokeman, and ADDvox (p < .001). 
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Figure 25. Speech-to-noise ratio by device type. This figure illustrates the 
average speech-to-noise ratio for each device type across all experimental 
conditions. Note: the standard error was used for the error bars. 
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Table 29  
Speech-to-noise Ratio by Device Type 
Amplification Device Type Mean  Standard Error Score 
ADDvox 6.21 0.421 
BoomVox 11.44 0.716 
ChatterVox 9.07 0.627 
No Device 3.40 0.262 
Oticon 7.99 0.658 
SoniVox 7.54 0.572 
Spokeman 6.31 0.619 
Voicette 8.51 0.866 
*Note: speech-to-noise ratio values are presented in dB SPL.  
 Interactions. The speaker group by speech task interaction was not 
significant F(1, 18) = 0.329, p = .573, ηp2 = .018, and is illustrated in Figure 26 
with associated means and standard error scores listed in Table 30. This non-
significant interaction indicates that each speaker group had a similar pattern of 
SNR during the SIT and conversation speech tasks. Both groups had an SNR 
less than 1 dB SPL higher during the SIT task compared to the conversation 
task. 
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Figure 26. Speech-to-noise ratio by speaker participant group and speech task. 
This figure illustrates the average speech-to-noise ratio for each speaker 
participant group during the SIT task and conversation task. Note: the standard 
error was used for the error bars. 
Table 30  
Average Speech-to-noise Ratio by Speaker Group and Speech Task 
Speech Task Speaker Group Mean  Standard Error Score 
SIT  Control 9.76 0.772 
SIT Parkinson’s 6.13 0.772 
Conversation Control 9.15 0.712 
Conversation Parkinson’s 5.18 0.712 
*Note: speech-to-noise ratio values are presented in dB SPL. 
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The speaker group by noise condition interaction was significant F(1, 18) 
= 9.94, p = .006, ηp2 = .356, and is illustrated in Figure 27 with associated means 
and standard error scores listed in Table 31. This significant interaction indicates 
that the control and PD speaker groups had a significantly different pattern of 
SNR across the no noise and 65 dB SPL noise conditions. The interaction 
appears to be primarily related to a significantly greater decrease in SNR in the 
65 dB SPL noise condition for the control group than for the Parkinson’s group. 
The control group had an SNR approximately 8 dB SPL lower in the 65 dB SPL 
noise condition relative to the no noise condition; whereas, the PD group had an 
SNR approximately 6 dB SPL lower in the 65 dB SPL noise condition relative to 
the no noise condition.  
	  
Figure 27. Speech-to-noise ratio by speaker participant group and noise 
condition. This figure illustrates the average speech-to-noise ratio for each 
speaker participant group in the no noise and 65 dB SPL multi-talker 
background noise conditions. Note: the standard error was used for the error 
bars. 
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Table 31  
Speech-to-noise Ratio by Speaker Group and Noise Condition 
Noise Condition Speaker Group Mean  Standard Error Score 
No noise Control 13.59 0.976 
No noise Parkinson’s 8.37 0.976 
Multi-talker noise Control 5.33 0.513 
Multi-talker noise Parkinson’s 2.94 0.513 
*Note: speech-to-noise ratio values are presented in dB SPL. 
The speaker group by device type interaction was not significant F(7, 126) 
= 1.92, p = .072, ηp2 = .096, and is illustrated in Figure 28 with associated means 
and standard error scores listed in Table 32. This non-significant interaction 
indicates that the PD and control groups had a similar pattern of SNR across the 
device types.  
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Figure 28. Speech-to-noise ratio by speaker group and device type. This figure 
illustrates the average speech-to-noise ratio for each device type across both 
the control group (bottom panel) and Parkinson’s group (top panel). Note: the 
standard error was used for the error bars.  
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Table 32  
Speech-to-noise Ratio by Speaker Group and Device Type 
 Control Parkinson’s 
Device Type Mean Standard Error 
Score 
Mean Standard Error 
Score 
ADDvox 8.18 0.595 4.24 0.595 
BoomVox 13.85 1.013 9.03 1.013 
ChatterVox 11.24 0.887 6.89 0.887 
No Device 4.16 0.371 2.63 0.371 
Oticon 10.06 0.931 5.92 0.931 
SoniVox 9.78 0.809 5.30 0.809 
Spokeman 8.37 0.875 4.25 0.875 
Voicette 10.01 1.225 7.00 1.225 
*Note: speech-to-noise ratio values are presented in dB SPL. 
The speech task by noise condition interaction was significant F(1, 18) = 
27.0, p < .001, ηp2 = .600, and is illustrated in Figure 29 with descriptive statistics 
listed in Table 33. This significant interaction indicates that the effect of the 
speech tasks (SIT versus conversation) was associated with a significantly 
different pattern of SNR across the two noise conditions (no noise versus multi-
talker noise). There was a significantly greater decrease in SNR in the 65 dB SPL 
noise condition during the SIT task than during the conversation task. The SIT 
task was associated with an SNR approximately 8 dB SPL lower in the 65 dB 
SPL noise condition relative to the no noise condition; whereas, the conversation 
task was associated with an SNR approximately 6 dB SPL lower in the multi-
talker noise relative to the no noise condition.  
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Figure 29. Speech-to-noise ratio by speech task and noise condition. This figure 
illustrates the average speech-to-noise ratio for each speech task in the no noise 
and 65 dB SPL multi-talker background noise conditions. Note: the standard 
error was used for the error bars. 
Table 33  
Speech-to-noise Ratio by Speech Task and Noise Condition 
Noise Condition Speech Task Mean  Standard Error Score 
No noise SIT 11.78 0.754 
No noise Conversation 10.18 0.692 
Multi-talker noise SIT 4.12 0.388 
Multi-talker noise Conversation 4.16 0.360 
*Note: speech-to-noise ratio values are presented in dB SPL. 
The speech task by device type interaction was significant F(7, 126) = 
5.69, p < .001, ηp2 = .240, and is illustrated in Figure 30 with the corresponding 
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descriptive statistics (means and standard error scores) listed in Table 34. This 
significant interaction indicates that the speech tasks (SIT reading versus 
conversation) were associated with a significantly different pattern of SNR 
across the speech amplification device conditions. The four device types that 
had the four highest SNR during the SIT task also had the four highest SNR 
during the conversation task. Congruently, the same four device types that had 
the four lowest SNR during the SIT task also had the four lowest SNR during the 
conversation task. However, within these two general groupings, the precise 
order of the device types shifted between the SIT and conversation tasks with 
the exception of the devices with highest and lowest SNR, which remained in 
the same position. Overall, the significant interaction appears to be primarily 
related to the differential effects of the speech task on the SNR of two device 
type pairs: 1) Voicette and Oticon and 2) ADDvox and Spokeman. The Voicette 
and ADDvox were one position lower in the device hierarchy during the 
conversation task relative to the SIT task; correspondingly, the Oticon and 
Spokeman were one position higher during the conversation task relative to the 
SIT task. All of the other devices remained in the same position. 
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Figure 30. Speech-to-noise ratio by speech task and device type. This figure 
illustrates the average speech-to-noise ratio for each device type across both 
noise conditions during the SIT task (bottom panel) and conversation task (top 
panel). Note: the standard error was used for the error bars.  
  
0
2
4
6
8
10
12
14
0
2
4
6
8
10
12
14
Sp
ee
ch
-to
-n
oi
se
 R
at
io
 (d
B 
SP
L)

Speech Amplification Device Type
SIT Conversation
	  	   	  
110 
Table 34  
Speech-to-noise Ratio by Speech Task and Device Type 
 SIT Speech Task Conversation Task 
Device Type Mean Standard Error 
Score 
Mean Standard Error 
Score 
ADDvox 6.76 0.477 5.66 0.491 
BoomVox 11.75 0.813 11.13 0.677 
ChatterVox 9.71 0.700 8.43 0.602 
No Device 3.40 0.329 3.40 0.270 
Oticon 8.20 0.666 7.78 0.700 
SoniVox 8.09 0.619 6.99 0.591 
Spokeman 6.22 0.658 6.40 0.650 
Voicette 9.46 0.920 7.56 0.868 
*Note: speech-to-noise ratio values are presented in dB SPL. 
Mauchly’s test indicated that the assumption of sphericity had been 
violated (χ2(27) = 43.26, p = .028) for the noise condition by device type 
interaction; therefore, degrees of freedom were corrected using Greenhouse-
Geisser estimates of sphericity (ε = .580) for the noise condition by device type 
interaction and for the three-way speaker group by noise condition by device 
type interaction. 
The noise condition by device type interaction was significant F(4.06, 
73.1) = 14.1, p < .001, ηp2 = .439, and is illustrated in Figure 31 with the 
descriptive statistics listed in Table 35. This interaction indicates that the effect 
of the noise conditions (no noise versus multi-talker noise) was associated with a 
significantly different pattern of SNR across the device types. The interaction 
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appears to be related to the differential effects of the noise condition on the SNR 
of two device pairs: 1) Oticon and SoniVox and 2) Spokeman and ADDvox. The 
Oticon and Spokeman were one position lower in the device hierarchy in the 
multi-talker noise relative to the no noise condition; correspondingly, the 
SoniVox and ADDvox were one position higher in the multi-talker noise relative 
to the no noise condition. All of the other devices remained in the same position. 
	  
Figure 31. Speech-to-noise ratio by noise condition and device type. This figure 
illustrates the average speech-to-noise ratio for each device type across both 
speech tasks in the no noise condition (bottom panel) and the 65 dB SPL multi-
talker background noise condition (top panel). Note: the standard error was used 
for the error bars.  
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Table 35  
Speech-to-noise Ratio by Noise Condition and Device Type 
 No Noise Condition  Multi-talker Noise Condition 
Device Type Mean Standard Error 
Score 
Mean Standard Error 
Score 
ADDvox 9.14 0.609 3.28 0.313 
BoomVox 15.80 0.900 7.08 0.605 
ChatterVox 12.99 0.862 5.14 0.485 
No Device 5.53 0.407 1.26 0.168 
Oticon 12.01 0.934 3.97 0.486 
SoniVox 10.95 0.780 4.12 0.442 
Spokeman 9.40 0.832 3.22 0.458 
Voicette 12.01 1.185 5.00 0.602 
*Note: speech-to-noise ratio values are presented in dB SPL. 
The three-way interaction between speaker group, speech task, and 
noise condition was not significant F(1, 18) = 3.15, p = .093, ηp2 = .149. This 
indicates that the pattern seen in the significant group by noise interaction is 
similar to that of the non-significant group by task interaction.  
The speaker group by speech task by device type interaction was not 
significant F(7, 126) = 1.43, p = .199, ηp2 = .074. This indicates that the pattern 
seen in the significant speech task by device type interaction is similar to that of 
the non-significant speaker group by device type interaction. 
The speaker group by noise condition by device type interaction was not 
significant F(4.06, 73.1) = 0.653, p = .629, ηp2 = .035. This indicates that the 
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pattern seen in the non-significant group by device type interaction is 
significantly different from that of the significant noise by device type interaction.  
The speech task by noise condition by device type interaction was 
significant F(7, 126) = 3.61, p = .001, ηp2 = .167, and is illustrated in Figure 32. 
This significant three-way interaction indicates that the pattern seen in the 
significant speech task by device type interaction is significantly different from 
that of the significant noise condition by device type interaction. The hierarchical 
pattern of the devices was influenced to a greater degree by shifting from the 
SIT to the conversation task than by shifting from the no noise to the multi-talker 
noise condition. The task-related changes in SNR had a more pronounced effect 
on the device hierarchy than the noise-related changes. 
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Figure 32. Speech-to-noise ratio by speech task by noise condition by device 
type. This figure illustrates the average SNR for each device across both tasks 
(left) and noise levels (right). Note: the standard error was used for the error bars.  
The four-way interaction between speaker group, speech task, noise 
condition, and device type was not significant F(7, 126) = 0.547, p = .798, ηp2 = 
.029.   
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3.3.2 Secondary analysis of speech-to-noise ratio.  
A series of planned paired-samples t-tests (Appendix AF) was conducted 
as a more detailed examination of SNR differences between device types 
(ADDvox, BoomVox, ChatterVox, no device (unamplified speech), Oticon, 
SoniVox, Spokeman, and Voicette) in the most demanding and ecologically-valid 
context. To accomplish this, device types were compared by analyzing the data 
for only the Parkinson’s speaker group during the conversation task in the 65 dB 
SPL multi-talker noise condition. 
The speech output from different device types had significantly different 
average SNR for the Parkinson’s speaker group during the conversation task in 
the multi-talker noise condition. The t-test results are illustrated in Figure 33 with 
corresponding descriptive statistics (means and standard deviations) listed in 
Table 36. A summary of the significance values from the paired comparisons 
between each device type is listed in Table 37. 
The average SNR for the BoomVox was significantly higher than all other 
device types: the Voicette t(9) = 3.92, p = .004; the ChatterVox, t(9) = 4.67, p = 
.001; the Spokeman, t(10) = 6.56, p < .001; the Oticon, t(10) = 9.93, p < .001; the 
SoniVox, t(10) = 6.59, p < .001; the ADDvox, t(10) = 6.97, p < .001; and the no 
device condition, t(10) = 6.55, p < .001.  
The average SNR for the Voicette was not significantly higher than that of 
the ChatterVox, t(9) = 0.358, p = .728. However, the average SNR for the 
Voicette was significantly higher than that of five device types: the Spokeman, 
t(9) = 2.73, p = .023; the Oticon, t(9) = 2.99, p = .015; the SoniVox, t(9) = 3.62, p 
= .006; the ADDvox, t(9) = 3.27, p = .010; and the no device condition, t(9) = 
4.13, p = .003.  
The average SNR for the ChatterVox was not significantly higher than that 
of three device types: the Spokeman, t(9) = 1.77, p = .111; the Oticon, t(9) = 
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2.24, p = .052; or the SoniVox, t(9) = 2.22, p = .054. However, the average SNR 
for the ChatterVox was significantly higher than that of the ADDvox, t(9) = 2.50, p 
= .034, and the no device condition, t(9) = 4.20, p = .002. 
The average SNR for the Spokeman was not significantly higher than that 
of three device types: the Oticon, t(10) = 0.192, p = .852; the SoniVox, t(10) = 
0.765, p = .462; or the ADDvox, t(10) = 1.31, p = .221. However, the average 
SNR for the Spokeman was significantly higher than that of the no device 
condition, t(10) = 2.36, p = .040. 
The average SNR for the Oticon was not significantly higher than that of 
the SoniVox, t(10) = 0.727, p = .484, or ADDvox, t(10) = 1.49, p = .167. However, 
the SNR for the Oticon was significantly higher than that of the no device 
condition, t(10) = 2.69, p = .023.  
The SNR for the SoniVox was not significantly higher than that of the 
ADDvox, t(10) = 0.717, p = .490, or the no device condition, t(10) = 2.04, p = 
.069. However, the SNR for the ADDvox was significantly higher than that of the 
no device condition, t(10) = 3.61, p = .005. 
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Figure 33. Speech-to-noise ratio by device type. This figure illustrates the 
average speech-to-noise ratio for each device type for only the Parkinson’s 
speaker group during the conversation task in the multi-talker noise condition.  
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Table 36  
Speech-to-noise Ratio by Device Type 
Amplification Device Type Mean  Standard Deviation 
ADDvox 2.38 1.18 
BoomVox 6.04 2.66 
ChatterVox 3.62 2.26 
No Device 1.31 0.80 
Oticon 3.05 2.27 
SoniVox 2.80 2.37 
Spokeman 3.11 2.72 
Voicette 3.84 2.13 
*Note: speech-to-noise ratio values are presented in dB SPL. 
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Table 37  
Significance Values from the Device Comparisons for Speech-to-noise Ratios 
 BoomVox Voicette ChatterVox Spokeman Oticon SoniVox ADDvox 
No Device < .001 .003 .002 .040 .023 NS .005 
ADDvox < .001 .010 .034 NS NS NS 
SoniVox < .001 .006 NS NS NS 
Oticon < .001 .015 NS NS 
Spokeman < .001 .023 NS 
ChatterVox .001 NS 
Voicette .004 
 
3.4 Speech intelligibility by visual analog scale results 
3.4.1 Primary analysis of intelligibility by visual analog scale.  
One of the primary objectives of this study was to examine the effect of 
speech task, background noise level, and device type on speech intelligibility in 
PD and control participants. A four-factor, repeated-measures ANOVA was 
performed using the intelligibility scores obtained from the ten listeners’ visual 
analog scales with speaker participant group as the between-groups factor with 
two levels (control, PD). The three within-group factors were: 1) speech task with 
two levels (SIT, conversation), 2) background noise level with two levels (no 
noise, 65 dB SPL multi-talker noise), and 3) type of speech amplification device 
employed with eight levels (ADDvox, BoomVox, ChatterVox, no device 
(unamplified speech), Oticon, SoniVox, Spokeman, and Voicette). The results of 
the four-factor ANOVA are presented in separate sections related to the main 
	  	   	  
120 
effects (group, speech task, noise condition, and device type), post-hoc 
comparisons, and interactions. The detailed results of the four-factor ANOVA 
related to intelligibility by VAS are presented in Appendix AG.  
 Main effects. The main effect of speaker group was significant F(1, 18) = 
19.6, p < .001, ηp2 = .521. This indicates that the control group (M = 75.2, SE = 
3.83) was significantly more intelligible than the PD participant group (M = 51.2, 
SE = 3.83) across all experimental conditions.  
The main effect of speech task was significant F(1, 18) = 10.3, p = .005, 
ηp2 = .364. This indicates that speech produced in the SIT task (M = 66.6, SE = 
2.85) was rated as significantly more intelligible than speech produced in the 
conversation task (M = 59.9, SE = 2.96).  
The main effect of noise condition was significant F(1, 18) = 6.41, p < 
.001, ηp2 = .948. This indicates that speech produced in the no noise condition 
(M = 88.4, SE = 2.31) was significantly more intelligible than in the 65 dB SPL 
multi-talker noise condition (M = 38.0, SE = 3.64).  
The main effect of speech amplification device was significant F(7, 126) = 
27.5, p < .001, ηp2 = .605, and is illustrated in Figure 34 with associated means 
and standard error scores listed in Table 38. This significant main effect 
indicates that the different device types and unamplified speech received 
significantly different intelligibility ratings across all speaker groups and 
conditions.  
Post-hoc analysis. Post-hoc paired comparisons of this significant main 
effect of device type were performed using the Bonferroni correction (p = .05/28 
comparisons = .0017) and significance values presented for these comparisons 
represent the corrected values.  
The BoomVox received an average intelligibility score that was higher 
than that of the Oticon (p = .014), Voicette (p = .012), and all other device types 
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at the same level of significance (p ≤ .001). The score for the BoomVox was 
approximately a 31% increase from that of the no device condition, which 
received the lowest intelligibility score.  
The Oticon did not receive a significantly higher score than that of three 
device types: the Voicette (p = 1.000), ChatterVox (p = 1.000), or Spokeman (p = 
.217). However, the Oticon received a significantly higher intelligibility score than 
that of three device types: the ADDvox (p = .038), SoniVox (p = .012) and the no 
device condition (p < .001). 
The Voicette did not receive a significantly higher score than that of three 
device types: the ChatterVox (p = 1.000), Spokeman (p = .769), or SoniVox (p = 
.148). However, The Voicette received a significantly higher intelligibility score 
than that of the ADDvox (p = .040) and the no device condition (p < .001).  
The ChatterVox did not receive a significantly higher score than that of the 
Spokeman (p = 1.000) or SoniVox (p = .187). However, the ChatterVox received 
a significantly higher intelligibility score than that of the ADDvox (p = .049) and 
the no device condition (p < .001).  
There were no other significant intelligibility score differences between the 
Spokeman, SoniVox, and ADDvox (p = 1.000), but the no device condition 
received a significantly lower score than that of the Spokeman (p = .004), 
SoniVox (p = .005), and ADDvox (p = .004). 
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Figure 34. Intelligibility scores by device type. This figure illustrates the average 
intelligibility score given by the listener group for each device type across all 
experimental conditions. Note: the standard error was used for the error bars. 
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Table 38  
Intelligibility Scores by Device Type 
Amplification Device Type Mean  Standard Error Score 
ADDvox 58.0 2.49 
BoomVox 77.3 3.26 
ChatterVox 66.1 2.26 
No Device 46.8 2.57 
Oticon 68.1 3.22 
SoniVox 59.3 3.00 
Spokeman 62.3 3.55 
Voicette 67.9 3.66 
*Note: scores represent the percentage on a visual analog scale from 0–100%.  
Interactions. The speaker group by speech task interaction was not 
significant F(1, 18) = 1.18, p = .292, ηp2 = .061, and is illustrated in Figure 35 with 
associated means and standard error scores listed in Table 39. This non-
significant interaction indicates that each speaker group received a similar 
pattern of intelligibility ratings across the SIT and conversation speech tasks. 
The control group received approximately a 5% higher score during the SIT task 
compared to the conversation task, and the Parkinson’s group received 
approximately a 12% higher score during the SIT task.  
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Figure 35. Intelligibility scores by speaker participant group and speech task. 
This figure illustrates the average intelligibility score given by the listener group 
for each speaker participant group during the SIT task and conversation task. 
Note: the standard error was used for the error bars. 
Table 39  
Intelligibility Scores by Speaker Group and Speech Task 
Speech Task Speaker Group Mean  Standard Error Score 
SIT  Control 77.4 4.54 
SIT Parkinson’s 58.7 4.33 
Conversation Control 73.0 4.18 
Conversation Parkinson’s 46.8 4.18 
*Note: scores represent the percentage on a visual analog scale from 0–100%.  
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The speaker group by noise condition interaction was significant F(1, 18) 
= 6.41, p = .021, ηp2 = .263, and is illustrated in Figure 36 with associated means 
and standard error scores listed in Table 40. This significant interaction indicates 
that the control and PD participant groups received significantly different pattern 
of intelligibility ratings across the no noise and multi-talker noise conditions. The 
interaction appears to be primarily related to a significantly greater decrease in 
intelligibility scores in the multi-talker noise condition for the PD group than for 
the control group. The control group received approximately 43% lower 
intelligibility scores in the multi-talker noise relative to the no noise condition; 
whereas, the PD group received approximately 58% lower intelligibility scores in 
the multi-talker noise condition relative to the no noise condition.  
	  
Figure 36. Intelligibility scores by speaker group and noise condition. This figure 
illustrates the average intelligibility score given by the listener group for each 
speaker participant group in the no noise and 65 dB SPL multi-talker 
background noise conditions. Note: the standard error was used for the error 
bars. 
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Table 40  
Intelligibility Scores by Speaker Group and Noise Condition 
Noise Condition Speaker Group Mean  Standard Error Score 
No noise Control 96.9 3.26 
No noise Parkinson’s 80.9 3.26 
Multi-talker noise Control 53.5 5.14 
Multi-talker noise Parkinson’s 22.5 5.14 
*Note: scores represent the percentage on a visual analog scale from 0–100%.  
The speaker group by device type interaction was not significant F(7, 126) 
= 1.28, p = .266, ηp2 = .066, and is illustrated in Figure 37 with associated means 
and standard error scores listed in Table 41. This indicates that both groups 
received a similar pattern of intelligibility ratings across the device types.  
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Figure 37. Intelligibility scores by speaker group and device type. This figure 
illustrates the average intelligibility score given by the listener group for each 
device type across both the control group (bottom panel) and Parkinson’s group 
(top panel). Note: the standard error was used for the error bars.  
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Table 41  
Intelligibility Scores by Speaker Group and Device Type 
 Control Parkinson’s 
Device Type Mean Standard Error 
Score 
Mean Standard Error 
Score 
ADDvox 70.8 3.52 45.2 3.52 
BoomVox 89.8 4.60 64.8 4.60 
ChatterVox 79.6 4.60 52.7 4.60 
No Device 55.0 3.63 38.5 3.63 
Oticon 81.3 4.55 54.9 4.55 
SoniVox 72.9 4.24 45.7 4.24 
Spokeman 74.6 5.03 49.9 5.03 
Voicette 77.7 5.18 58.1 5.18 
*Note: scores represent the percentage on a visual analog scale from 0–100%.   
The speech task by noise condition interaction was not significant F(1, 18) 
= 1.20, p = .288, ηp2 = .062, and is illustrated in Figure 38 with associated means 
and standard error scores listed in Table 42. This non-significant interaction 
indicates that the effect of the speech tasks (SIT reading versus conversation) 
received a similar pattern of intelligibility ratings across the two noise conditions 
(no noise versus 65 dB SPL noise). Speech produced in no noise received 
approximately an 8% higher intelligibility rating during the SIT task compared to 
the conversation task, and speech produced in 65 dB SPL multi-talker noise 
received approximately a 5% higher intelligibility rating during the SIT task. 
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Figure 38. Intelligibility scores by speech task and noise condition. This figure 
illustrates the average intelligibility score given by the listener group for each 
speech task in the no noise and multi-talker background noise conditions. Note: 
the standard error was used for the error bars. 
Table 42  
Intelligibility Scores by Speech Task and Noise Condition 
Noise Condition Speech Task Mean  Standard Error Score 
No noise SIT 92.7 1.98 
No noise Conversation 84.1 2.99 
Multi-talker noise SIT 40.4 4.37 
Multi-talker noise Conversation 35.7 3.56 
*Note: scores represent the percentage on a visual analog scale from 0–100%.  
The speech task by device type interaction was not significant F(7, 126) = 
0.699, p = .673, ηp2 = .037, and is illustrated in Figure 39 with the corresponding 
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descriptive statistics (means and standard error scores) listed in Table 43. This 
non-significant interaction indicates that the speech tasks (SIT reading versus 
conversation) were associated with the same pattern of intelligibility ratings 
across the speech amplification device conditions. 
	  
Figure 39. Intelligibility scores by speech task and device type. This figure 
illustrates the average intelligibility score given by the listener group for each 
device type across both noise conditions during the SIT (bottom panel) and 
conversation task (top panel). Note: the standard error was used for the error 
bars.  
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Table 43  
Intelligibility Scores by Speech Task and Device Type 
 SIT Speech Task Conversation Task 
Device Type Mean Standard Error 
Score 
Mean Standard Error 
Score 
ADDvox 63.0 3.03 54.0 3.14 
BoomVox 81.9 3.62 74.1 3.98 
ChatterVox 71.7 3.65 62.2 3.88 
No Device 51.9 2.75 42.7 2.99 
Oticon 72.5 4.07 65.3 3.51 
SoniVox 65.9 3.67 54.3 3.46 
Spokeman 65.8 4.51 60.8 3.73 
Voicette 71.8 3.99 65.6 4.04 
*Note: scores represent the percentage on a visual analog scale from 0–100%.   
The noise condition by device type interaction was significant F(7, 126) = 
13.7, p < .001, ηp2 = .432, and is illustrated in Figure 40 with the descriptive 
statistics listed in Table 44. This indicates that the effect of the noise conditions 
(no noise versus multi-talker noise) received a different pattern of intelligibility 
ratings across the device types. The same device types that received the four 
highest intelligibility scores in the no noise condition also received the four 
highest scores in the multi-talker noise. Congruently, the same device types that 
received the four lowest scores in no noise also received the four lowest scores 
in noise. Within these two general groupings, the precise order of the device 
types shifted between the noise conditions. Overall, the interaction appears to 
be related to the differential effects of the noise conditions on the intelligibility of 
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the BoomVox and ADDvox. The intelligibility score of the BoomVox decreased 
from the highest in the no noise condition to the third highest in the multi-talker 
noise; whereas, the ADDvox decreased from the fourth lowest in no noise to the 
second lowest in noise. All other devices either remained in the same position or 
only shifted by one position in the pattern of average intelligibility scores. 
	  
Figure 40. Intelligibility scores by noise condition and device type. This figure 
illustrates the average intelligibility score given by the listener group for each 
device type across both speech tasks in the no noise condition (bottom panel) 
and the 65 dB SPL multi-talker background noise condition (top panel). Note: 
the standard error was used for the error bars.  
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Table 44  
Intelligibility Scores by Noise Condition and Device Type 
 No Noise Condition  Multi-talker Noise Condition 
Device Type Mean Standard Error 
Score 
Mean Standard Error 
Score 
ADDvox 87.9 2.67 28.1 3.78 
BoomVox 90.5 2.28 64.1 4.81 
ChatterVox 88.5 2.74 43.8 4.37 
No Device 82.4 3.95 11.1 2.35 
Oticon 91.4 2.39 44.8 4.89 
SoniVox 87.6 2.83 31.0 4.42 
Spokeman 87.8 2.84 36.8 5.39 
Voicette 91.2 1.91 44.6 6.17 
*Note: scores represent the percentage on a visual analog scale from 0–100%.  
The three-way interaction between speaker group, speech task, and 
noise condition was significant F(1, 18) = 4.79, p = .042, ηp2 = .210, and is 
illustrated in Figure 41. This significant three-way interaction indicates that the 
pattern seen in the significant group by noise interaction is significantly different 
from that of the non-significant group by task interaction. Relative to the control 
group, the PD group had a greater decrease in intelligibility scores (43% for the 
control group; 58% for the PD group) from the no noise to the multi-talker noise 
condition compared to the smaller decrease in intelligibility scores (5% for the 
control group; 12% for the PD group) from the SIT to the conversation task. 
Thus, the noise-related changes in intelligibility had a more pronounced effect 
than the task-related changes in the PD group relative to the control group. 
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Figure 41. Intelligibility scores by speaker group by speech task by noise 
condition. This figure illustrates the average intelligibility score given by the 
listener group for each speaker group across both tasks (left) and noise 
conditions (right). Note: the standard error was used for the error bars.  
The speaker group by speech task by device type interaction was not 
significant F(7, 126) = 0.622, p = .737, ηp2 = .033. This indicates that the pattern 
seen in the non-significant speech task by device type interaction is similar to 
that of the non-significant speaker group by device type interaction. 
The speaker group by noise condition by device type interaction was 
significant F(7, 126) = 4.01, p = .001, ηp2 = .182, and is illustrated in Figure 42. 
This significant three-way interaction indicates that the pattern seen in the non-
significant group by device type interaction is significantly different from that of 
the non-significant noise by device type interaction. The hierarchical pattern of 
the devices was influenced to a greater degree by shifting from the no noise to 
the noise condition than it was by shifting from the control to the PD speaker 
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group. The noise-related changes in intelligibility had a more pronounced effect 
on the device hierarchy than the speaker group-related changes. 
	  
Figure 42. Intelligibility scores by speaker group by noise condition by device 
type. This figure illustrates the average intelligibility score given by the listener 
group for each device type across both speaker groups (left) and across both 
noise conditions (right). Note: the standard error was used for the error bars.  
The speech task by noise condition by device type interaction was not 
significant F(7, 126) = 1.33, p = .244, ηp2 = .069. This indicates that the pattern 
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seen in the significant noise condition by device type interaction is similar to that 
of the non-significant speech task by device type interaction. 
The four-way interaction between speaker group, speech task, noise 
condition, and device type was not significant F(7, 126) = 1.19, p = .316, ηp2 = 
.062.   
3.4.2 Secondary analysis of intelligibility by visual analog scale.  
A series of planned paired-samples t-tests (Appendix AH) was conducted 
as a more detailed examination of intelligibility differences between device types 
(ADDvox, BoomVox, ChatterVox, no device (unamplified speech), Oticon, 
SoniVox, Spokeman, and Voicette) in the most demanding and ecologically-valid 
context. To accomplish this, device types were compared by analyzing the data 
for only the Parkinson’s speaker group during the conversation task in the 65 dB 
SPL multi-talker noise condition. 
The speech output from different device types received significantly 
different average intelligibility scores for the Parkinson’s speaker group during 
the conversation task in the multi-talker noise condition. The t-test results are 
illustrated in Figure 43 with corresponding descriptive statistics (means and 
standard deviations) listed in Table 45. A summary of the significance values 
from the paired comparisons between each device type is listed in Table 46. 
The average intelligibility score for the BoomVox was significantly higher 
than all other device types: the Voicette t(9) = 2.39, p = .040; the Spokeman, 
t(10) = 5.17, p < .001; the ChatterVox, t(9) = 2.94, p = .016; the Oticon, t(10) = 
4.64, p = .001; the ADDvox, t(10) = 6.35, p < .001; the SoniVox, t(10) = 5.60, p < 
.001; and the no device condition, t(10) = 5.34, p < .001.  
The average intelligibility score for the Voicette was not significantly 
higher than that of three device types: the Spokeman, t(9) = 3.35, p = .159; the 
ChatterVox, t(9) = 0.691, p = .507; or the Oticon, t(9) = 1.52, p = .163. However, 
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the average intelligibility score for the Voicette was significantly higher than that 
of three device types: the ADDvox, t(9) = 2.92, p = .017; the SoniVox, t(9) = 3.02, 
p = .014; and the no device condition, t(9) = 3.12, p = .012.  
The average intelligibility score for the Spokeman was not significantly 
higher than that of three device types: the ChatterVox, t(9) = 0.373, p = .718; the 
Oticon, t(10) = 0.861, p = .409; or the SoniVox, t(10) = 2.04, p = .068. However, 
the average intelligibility score for the Spokeman was significantly higher than 
that of the ADDvox, t(10) = 2.52, p = .030 and the no device condition, t(10) = 
2.46, p = .034. 
The average intelligibility score for the ChatterVox was not significantly 
higher than that of the Oticon, t(9) = 0.439, p = .671. However, the average 
intelligibility score for the ChatterVox was significantly higher than that of three 
device types: the ADDvox, t(9) = 2.27, p = .049; the SoniVox, t(9) = 2.66, p = 
.026; and the no device condition, t(9) = 3.47, p = .007. 
The average intelligibility score for the Oticon was not significantly higher 
than that of the ADDvox, t(10) = 0.682, p = .511, or SoniVox, t(10) = 1.90, p = 
.087. However, the score for the Oticon was significantly higher than that of the 
no device condition, t(10) = 2.67, p = .024.  
There were no significant differences between the device types with the 
three lowest average intelligibility scores. The score for the ADDvox was not 
significantly higher than that of the SoniVox, t(10) = 0.682, p = .511, or the no 
device condition, t(10) = 1.78, p = .106. The score for the SoniVox was not 
significantly higher than that of the no device condition, t(10) = 2.15, p = .057. 
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Figure 43. Intelligibility scores by device type. This figure illustrates the average 
intelligibility score given by the listener group for each device type for only the 
Parkinson’s speaker group during the conversation task in the 65 dB SPL multi-
talker noise condition.  
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Table 45  
Intelligibility Score by Device Type 
Amplification Device Type Mean  Standard Deviation 
ADDvox 15.6 5.14 
BoomVox 46.8 7.88 
ChatterVox 23.7 6.39 
No Device 7.2 2.22 
Oticon 22.1 6.59 
SoniVox 13.2 3.59 
Spokeman 25.3 8.14 
Voicette 28.2 8.14 
*Note: scores represent the percentage on a visual analog scale from 0–100%.  
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Table 46  
Significance Values from the Device Comparisons for Intelligibility Scores by 
Visual Analog Scale 
 BoomVox Voicette Spokeman ChatterVox Oticon ADDvox SoniVox 
No Device < .001 .012 .034 .007 .024 NS NS 
SoniVox < .001 .014 NS .026 NS NS 
ADDvox < .001 .017 .030 .049 NS 
Oticon .001 NS NS NS 
ChatterVox .016 NS NS 
Spokeman < .001 NS 
Voicette .040 
 
3.5 Speech intelligibility by transcription results 
3.5.1 Primary analysis of intelligibility by transcription.  
One of the primary objectives of this study was to examine the effect of 
speech task, background noise level, and device type on the speech intelligibility 
in PD and control participants. A four-factor, repeated-measures ANOVA was 
performed using the intelligibility scores obtained from the listener participant’s 
transcriptions with speaker participant group as the between-groups factor with 
two levels (control, PD). The three within-group factors were: 1) speech task with 
two levels (SIT, conversation), 2) background noise level with two levels (no 
noise, 65 dB SPL multi-talker noise), and 3) type of speech amplification device 
employed with eight levels (ADDvox, BoomVox, ChatterVox, no device 
(unamplified speech), Oticon, SoniVox, Spokeman, and Voicette). The results of 
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the four-factor ANOVA are presented in separate sections related to the main 
effects (group, speech task, noise condition, and device type), post-hoc 
comparisons, and interactions. The detailed results of the four-factor ANOVA 
related to intelligibility by transcription are presented in Appendix AI.  
Main effects. The main effect of speaker group was significant F(1, 18) = 
15.0, p = .001, ηp2 = .455. This indicates that the control group (M = 88.3, SE = 
4.05) was significantly more intelligible than the PD participant group (M = 66.2, 
SE = 4.05) across all experimental conditions.  
The main effect of speech task was significant F(1, 18) = 24.5, p < .001, 
ηp2 = .577. This indicates that speech produced in the SIT task (M = 80.4, SE = 
2.94) was rated as significantly more intelligible than speech produced in the 
conversation task (M = 74.08, SE = 2.93). 
The main effect of noise condition was significant F(1, 18) = 86.0, p < 
.001, ηp2 = .827. This indicates that speech produced in the no noise condition 
(M = 94.2, SE = 1.44) was significantly more intelligible than in the 65 dB SPL 
multi-talker noise condition (M = 60.4, SE = 4.58).  
 The main effect of speech amplification device was significant F(7, 126) = 
35.9, p < .001, ηp2 = .666, and is illustrated in Figure 44 with associated means 
and standard error scores listed in Table 47. This significant main effect 
indicates that the different device types and unamplified speech received 
significantly different intelligibility ratings across all speaker groups and 
conditions.  
Post-hoc analysis. Post-hoc paired comparisons of this significant main 
effect of device type were performed using the Bonferroni correction (p = .05/28 
comparisons = .0017) and significance values presented for these comparisons 
represent the corrected values.  
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The BoomVox received an average intelligibility score that was not 
significantly higher than that of the Voicette (p = .423), but was significantly 
higher than that of all other device types: the ChatterVox (p = .046), Oticon (p = 
.012), Spokeman (p = .002), and the SoniVox, ADDvox, and the no device 
condition at the same level of significance (p ≤ .001). The score for the BoomVox 
was approximately a 30% increase from that of the no device condition, which 
received the lowest intelligibility score.  
The Voicette did not receive a significantly higher intelligibility score than 
that of five device types: the ChatterVox (p = 1.000), Oticon (p = 1.000), 
Spokeman (p = .251), or SoniVox (p = .050). However, the Voicette received a 
significantly higher intelligibility score than that of the ADDvox and the no device 
condition (p < .001).  
The ChatterVox did not receive a significantly higher intelligibility score 
than that of the Oticon (p = 1.000) or Spokeman (p = .054). However, the 
ChatterVox received a significantly higher intelligibility score than that of three 
device types: the SoniVox (p = .005), ADDvox (p = .003), and the no device 
condition (p < .001).  
The Oticon did not receive a significantly higher intelligibility score than 
that of the Spokeman (p = 1.000) or SoniVox (p = .897). However, the Oticon 
received a significantly higher score than that of the ADDvox (p = .015) and the 
no device condition (p < .001). 
There were no significant differences in sound quality scores between the 
Spokeman, SoniVox, and ADDvox (p ≥ .848), but the no device condition 
received a significantly lower score than that of Spokeman and SoniVox (p < 
.001) and ADDvox (p = .002). 
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Figure 44. Intelligibility scores by device type. This figure illustrates the average 
intelligibility score given by the listener participant for each device type across all 
experimental conditions. Note: the standard error was used for the error bars. 
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Table 47  
Intelligibility Scores by Device Type 
Amplification Device Type Mean  Standard Error Score 
ADDvox 71.2 3.42 
BoomVox 90.0 2.69 
ChatterVox 82.8 2.98 
No Device 60.2 2.85 
Oticon 79.7 3.34 
SoniVox 74.6 3.25 
Spokeman 76.2 3.60 
Voicette 83.3 3.28 
*Note: scores represent the percentage of words correctly identified from 0–100% based on 
orthographic transcription.  
 Interactions. The speaker group by speech task interaction was not 
significant F(1, 18) = 2.90, p = .106, ηp2 = .139, and is illustrated in Figure 45 with 
associated means and standard error scores listed in Table 48. This non-
significant interaction indicates that each speaker group received a similar 
pattern of intelligibility ratings across the SIT and conversation speech tasks. 
The control group received approximately a 4% higher score during the SIT task 
compared to the conversation task, and the Parkinson’s group received 
approximately an 11% higher score during the SIT task. 
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Figure 45. Intelligibility scores by speaker group and speech task. This figure 
illustrates the average intelligibility score given by the listener participant for 
each speaker participant group during the SIT task and conversation task. Note: 
the standard error was used for the error bars. 
Table 48  
Intelligibility Scores by Speaker Group and Speech Task 
Speech Task Speaker Group Mean  Standard Error Score 
SIT  Control 90.4 4.46 
SIT Parkinson’s 72.9 4.25 
Conversation Control 86.3 4.14 
Conversation Parkinson’s 61.9 4.14 
*Note: scores represent the percentage of words correctly identified from 0–100% based on 
orthographic transcription.  
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The speaker group by noise condition interaction was significant F(1, 18) 
= 17.5, p = .001, ηp2 = .493, and is illustrated in Figure 46 with associated means 
and standard error scores listed in Table 49. This significant interaction indicates 
that the control participant group received a significantly different pattern of 
intelligibility ratings across the no noise and 65 dB SPL noise conditions. The 
interaction appears to be primarily related to a significantly greater decrease in 
intelligibility scores in the 65 dB SPL noise condition for the PD group than for 
the control group. The control group received approximately 18% lower 
intelligibility scores in the 65 dB SPL noise condition relative to the no noise 
condition; whereas, the PD group received approximately 49% lower 
intelligibility scores in the 65 dB SPL noise condition relative to the no noise 
condition.  
	  
Figure 46. Intelligibility scores by speaker group and noise condition. This figure 
illustrates the average intelligibility score given by the listener participant for 
each speaker participant group in the no noise and 65 dB SPL multi-talker 
background noise conditions. Note: the standard error was used for the error 
bars. 
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Table 49  
Intelligibility Scores by Speaker Group and Noise Condition 
Noise Condition Speaker Group Mean  Standard Error Score 
No noise Control 97.6 2.03 
No noise Parkinson’s 90.7 2.03 
Multi-talker noise Control 79.1 6.47 
Multi-talker noise Parkinson’s 41.6 6.47 
*Note: scores represent the percentage of words correctly identified from 0–100% based on 
orthographic transcription.  
The speaker group by device type interaction was significant F(7, 126) = 
3.50, p = .002, ηp2 = .163, and is illustrated in Figure 47 with associated means 
and standard error scores listed in Table 50. This significant interaction indicates 
that the PD and control groups received a significantly different pattern of 
intelligibility ratings across the device types. The interaction appears to be 
primarily related to the differential effects of the speaker group types on the 
intelligibility ratings of three device types: the ChatterVox, Oticon and Voicette. 
The intelligibility score of the ChatterVox decreased from the second highest for 
the control group to the third highest for the Parkinson’s group, and the Oticon 
decreased from the third highest score for the control group to the fourth highest 
for the Parkinson’s group; whereas, the Voicette increased from the fourth 
highest intelligibility score for the control group to the second highest score for 
the Parkinson’s group. All of the other devices remained in the same position. 
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Figure 47. Intelligibility scores by speaker group and device type. This figure 
illustrates the average intelligibility score given by the listener participant for 
each device type across both the control group (bottom panel) and Parkinson’s 
group (top panel). Note: the standard error was used for the error bars.  
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Table 50  
Intelligibility Scores by Speaker Group and Device Type 
 Control Parkinson’s 
Device Type Mean Standard Error 
Score 
Mean Standard Error 
Score 
ADDvox 84.2 4.84 58.3 4.84 
BoomVox 96.0 3.81 84.1 3.81 
ChatterVox 93.2 4.22 72.4 4.22 
No Device 72.5 4.04 48.0 4.04 
Oticon 92.2 4.72 67.2 4.72 
SoniVox 87.7 4.59 61.6 4.59 
Spokeman 90.0 5.09 62.4 5.09 
Voicette 91.1 4.64 75.5 4.64 
*Note: scores represent the percentage of words correctly identified from 0–100% based on 
orthographic transcription.  
The speech task by noise condition interaction was not significant F(1, 18) 
= 2.85, p = .600, ηp2 = .016, and is illustrated in Figure 48 with associated means 
and standard error scores listed in Table 51. This non-significant interaction 
indicates that the effect of the speech tasks (SIT reading versus conversation) 
received a similar pattern of intelligibility ratings across the two noise conditions 
(no noise versus 65 dB SPL noise). Speech produced in no noise received 
approximately a 7% higher intelligibility rating during the SIT task compared to 
the conversation task, and speech produced in 65 dB SPL multi-talker noise 
received approximately a 6% higher intelligibility rating during the SIT task. 
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Figure 48. Intelligibility scores by speech task and noise condition. This figure 
illustrates the average intelligibility score given by the listener participant for 
each speech task in the no noise and 65 dB SPL multi-talker background noise 
conditions. Note: the standard error was used for the error bars. 
Table 51  
Intelligibility Scores by Speech Task and Noise Condition 
Noise Condition Speech Task Mean  Standard Error Score 
No noise SIT 97.8 0.89 
No noise Conversation 90.5 2.00 
Multi-talker noise SIT 63.1 5.20 
Multi-talker noise Conversation 57.6 4.28 
*Note: scores represent the percentage of words correctly identified from 0–100% based on 
orthographic transcription.  
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Mauchly’s test indicated the assumption of sphericity was violated (χ2(27) 
= 63.6, p < .001) for the speech task by device type interaction; thus, degrees of 
freedom were corrected using Greenhouse-Geisser estimates of sphericity (ε = 
.484) for the task by device interaction and group by task by device interaction. 
The task by device interaction was not significant F(3.39, 61.02) = 1.97, p = .121, 
ηp2 = .099, and is depicted in Figure 49 with descriptive statistics listed in Table 
52, indicating that the speech tasks (SIT versus conversation) were associated 
with the same pattern of intelligibility ratings across the device types. 
	  
Figure 49. Intelligibility scores by speech task and device type. This figure 
illustrates the intelligibility score given by the listener participant for each device 
type across both noise conditions during the SIT (bottom panel) and 
conversation (top panel). Note: the standard error was used for the error bars.  
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Table 52  
Intelligibility Scores by Speech Task and Device Type 
 SIT Speech Task Conversation Task 
Device Type Mean Standard Error 
Score 
Mean Standard Error 
Score 
ADDvox 76.9 3.99 67.0 3.53 
BoomVox 91.9 2.78 88.8 2.78 
ChatterVox 86.4 3.29 80.2 2.92 
No Device 65.6 3.81 56.7 3.48 
Oticon 83.6 3.43 77.1 3.54 
SoniVox 81.5 3.59 69.1 3.49 
Spokeman 79.2 4.02 74.7 3.58 
Voicette 88.3 3.02 79.0 3.69 
*Note: scores represent the percentage of words correctly identified from 0–100% based on 
orthographic transcription.  
Mauchly’s test indicated that the assumption of sphericity had been 
violated (χ2(27) = 49.7, p = .006) for the noise condition by device type 
interaction; therefore, degrees of freedom were corrected using Greenhouse-
Geisser estimates of sphericity (ε = .550) for the noise condition by device type 
interaction and for the three-way speaker group by noise condition by device 
type interaction. 
The noise condition by device type interaction was significant F(3.85, 
69.3) = 14.6, p < .001, ηp2 = .447, and is illustrated in Figure 50 with the 
descriptive statistics listed in Table 53. This indicates that the effect of the noise 
conditions (no noise versus multi-talker noise) received a different pattern of 
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intelligibility ratings across the eight device conditions. The significant interaction 
appears to be related to the differential effects of the noise conditions on the 
intelligibility of the ChatterVox and Voicette. The score of the ChatterVox 
decreased from the second highest in the no noise condition to the third highest 
in the multi-talker noise; whereas, the Voicette increased from the third highest 
intelligibility score in no noise to the second highest score in the multi-talker 
noise condition. All of the other devices remained in the same position. 
	  
Figure 50. Intelligibility scores by noise condition and device type. This figure 
illustrates the average intelligibility score given by the listener participant for 
each device type across both speech tasks in the no noise condition (bottom 
panel) and the 65 dB SPL multi-talker background noise condition (top panel). 
Note: the standard error was used for the error bars.  
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Table 53  
Intelligibility Scores by Noise Condition and Device Type 
 No Noise Condition  Multi-talker Noise Condition 
Device Type Mean Standard Error 
Score 
Mean Standard Error 
Score 
ADDvox 92.2 2.39 50.3 5.48 
BoomVox 97.3 0.67 82.8 4.79 
ChatterVox 96.0 0.79 69.6 5.35 
No Device 89.0 3.18 31.5 3.61 
Oticon 95.3 1.15 64.1 5.94 
SoniVox 93.4 1.99 55.8 5.16 
Spokeman 94.6 1.39 57.8 6.33 
Voicette 95.5 0.95 71.0 5.88 
*Note: scores represent the percentage of words correctly identified from 0–100% based on 
orthographic transcription.  
The three-way interaction between speaker group, speech task, and 
noise condition was not significant F(1, 18) = 0.29, p = .600, ηp2 = .016. This non-
significant three-way interaction indicates that the pattern seen in the significant 
group by noise interaction is similar to that of the non-significant group by task 
interaction.  
The speaker group by speech task by device type interaction was not 
significant F(3.39, 61.0) = 0.684, p = .582, ηp2 = .037. This indicates that the 
pattern seen in the non-significant speech task by device type interaction is 
similar to that of the significant speaker group by device type interaction. 
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The speaker group by noise condition by device type interaction was not 
significant F(3.85, 69.3) = 2.00, p = .107, ηp2 = .100. This indicates that the 
pattern seen in the significant group by device type interaction is similar to that 
of the significant noise by device type interaction.  
Mauchly’s test indicated that the assumption of sphericity had been 
violated (χ2(27) = 54.6, p = .002) for the three-way speech task by noise condition 
by device type interaction; therefore, degrees of freedom were corrected using 
Greenhouse-Geisser estimates of sphericity (ε = .566) for this three-way 
interaction and for the four-way interaction involving speaker group, speech 
task, noise condition, and device type. 
The speech task by noise condition by device type interaction was not 
significant F(3.97, 71.4) = 1.47, p = .222, ηp2 = .075. This indicates that the 
pattern seen in the significant noise condition by device type interaction is 
similar to that of the non-significant speech task by device type interaction. 
The four-way interaction between speaker group, speech task, noise 
condition, and device type was not significant F(3.97, 71.4) = 0.504, p = .731, ηp2 
= .027.   
3.5.2 Secondary analysis of intelligibility by transcription.  
A series of planned paired-samples t-tests (Appendix AJ) was conducted 
as a more detailed examination of intelligibility differences between device types 
(ADDvox, BoomVox, ChatterVox, no device (unamplified speech), Oticon, 
SoniVox, Spokeman, and Voicette) in the most demanding and ecologically-valid 
context. To accomplish this, device types were compared by analyzing the data 
for only the Parkinson’s speaker group during the conversation task in the 65 dB 
SPL multi-talker noise condition. 
The speech output from different device types received significantly 
different average intelligibility scores for the Parkinson’s speaker group during 
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the conversation task in the multi-talker noise condition. The t-test results are 
illustrated in Figure 51 with corresponding descriptive statistics (means and 
standard deviations) listed in Table 54. A summary of the significance values 
from the paired comparisons between each device type is listed in Table 55. 
The average intelligibility score for the BoomVox was significantly higher 
than all other device types: the Voicette t(9) = 2.66, p = .026; the ChatterVox, t(9) 
= 3.75, p = .005; the Oticon, t(10) = 4.04, p = .002; the Spokeman, t(10) = 3.838, 
p = .003; the SoniVox, t(10) = 6.34, p < .001; the ADDvox, t(10) = 6.09, p < .001; 
and the no device condition, t(10) = 7.81, p < .001.  
The average intelligibility score for the Voicette was not significantly 
higher than that of the ChatterVox, t(9) = 0.308, p = .765 and the Oticon, t(9) = 
1.45, p = .180; or. However, the average intelligibility score for the Voicette was 
significantly higher than that of four device types: the Spokeman, t(9) = 2.52, p = 
.033; the SoniVox, t(9) = 3.73, p = .005; the ADDvox, t(9) = 2.94, p = .017; and 
the no device condition, t(9) = 4.007, p = .003.  
The average intelligibility score for the ChatterVox was not significantly 
higher than that of the Oticon, t(9) = 1.76, p = .112. However, the average 
intelligibility score for the ChatterVox was significantly higher than that of four 
device types: the Spokeman, t(9) = 2.81, p = .020; the SoniVox, t(9) = 4.64, p = 
.001; the ADDvox, t(9) = 3.18, p = .011; and the no device condition, t(9) = 5.10, 
p = .001. 
The average intelligibility score for the Oticon was not significantly higher 
than that of the Spokeman, t(10) = 1.14, p = .280. However, the average 
intelligibility score for the Oticon was significantly higher than that of three 
device types: the SoniVox, t(10) = 2.97, p = .014; the ADDvox, t(10) = 2.95, p = 
.014; and the no device condition, t(10) = 4.23, p = .002. 
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The average intelligibility score for the Spokeman was not significantly 
higher than that of the SoniVox, t(10) = 1.10, p = .297, or ADDvox, t(10) = 1.467, 
p = .173. However, the score for the Spokeman was significantly higher than that 
of the no device condition, t(10) = 2.85, p = .017.  
The score for the SoniVox was not significantly higher than that of the 
ADDvox, t(10) = 0.853, p = .414, but was significantly higher than that of the no 
device condition, t(10) = 2.92, p = .015.  
The score for the ADDvox was significantly higher than that of the no 
device condition, t(10) = 2.65, p = .024. 
	  
Figure 51. Intelligibility scores by device type. This figure illustrates the average 
intelligibility score given by the listener participant for each device type for only 
the Parkinson’s speaker group during the conversation task in the 65 dB SPL 
multi-talker noise condition.  
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Table 54  
Intelligibility Score by Device Type 
Amplification Device Type Mean  Standard Deviation 
ADDvox 28.5 22.5 
BoomVox 73.6 29.4 
ChatterVox 47.8 30.9 
No Device 14.7 16.5 
Oticon 44.9 34.7 
SoniVox 32.4 29.5 
Spokeman 38.9 37.9 
Voicette 49.2 35.5 
*Note: scores represent the percentage of words correctly identified from 0–100% based on 
orthographic transcription.  
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Table 55  
Significance Values from the Device Comparisons for Intelligibility Scores by 
Transcription 
 BoomVox Voicette ChatterVox Oticon Spokeman SoniVox ADDvox 
No Device < .001 .003 .001 .002 .017 .015 .024 
ADDvox < .001 .017 .011 .014 NS NS 
SoniVox < .001 .005 .001 .014 NS 
Spokeman .003 .033 .020 NS 
Oticon .002 NS NS 
ChatterVox .005 NS 
Voicette .026 
 
3.6 Sound quality results  
3.6.1 Primary analysis of sound quality.  
One of the primary objectives of this study was to examine the effect of 
speech task, background noise level, and device type on sound quality in PD 
and control participants. A four-factor, repeated-measures ANOVA was 
performed using the sound quality scores from the ten listeners’ visual analog 
scales with speaker participant group as the between-groups factor with two 
levels (control, PD). The three within-group factors were: 1) speech task with two 
levels (SIT, conversation), 2) background noise level with two levels (no noise, 65 
dB SPL multi-talker noise), and 3) type of speech amplification device employed 
with eight levels (ADDvox, BoomVox, ChatterVox, no device (unamplified 
speech), Oticon, SoniVox, Spokeman, and Voicette). The results of the four-
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factor ANOVA are presented in separate subsections related to the main effects 
(group, speech task, noise condition, and device type), post-hoc comparisons, 
and interactions. The detailed results of the four-factor ANOVA related to sound 
quality are presented in Appendix AK. 
Main effects. The main effect of speaker group type was significant, F(1, 
18) = 25.26, p < .001, ηp2 = .584. This indicates that the sound quality ratings for 
the speech produced by participants in the PD speaker group (M = 38.8, SE = 
2.29) were significantly lower than those of the speech produced by participants 
in the control speaker group (M = 55.0, SE = 2.29) across all experimental 
conditions.  
The main effect of speech task was not significant, F(1, 18) = 1.55, p = 
.229, ηp2 = .079. This indicates that there was no significant difference between 
the sound quality ratings when speakers performed the SIT speech task (M = 
47.8, SE = 1.70) and the conversation task (M = 46.0, SE = 1.82).  
The main effect of background noise condition was significant, F(1, 18) = 
227, p < .001, ηp2 = .927. This indicates that the speech received a lower sound 
quality rating when produced in the 65 dB SPL multi-talker noise condition (M = 
33.4, SE = 1.94) than in the no noise condition (M = 60.4, SE = 1.76).  
The main effect of device type was significant, F(7, 126) = 37.2, p < .001, 
ηp2 = .674, and is illustrated in Figure 52 with associated means and standard 
error scores listed in Table 56. This significant main effect indicates that there 
was a significant difference between the different types of speech amplification 
devices for the ratings of sound quality.  
Post-hoc analysis. Post-hoc paired comparisons of this significant main 
effect of device type were performed using the Bonferroni correction (p = .05/28 
comparisons = .0017) and significance values presented for these comparisons 
represent the corrected values.  
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The BoomVox received an average sound quality score that was higher 
than that of all other device types at the same level of significance (p < .001). 
The score for the BoomVox was approximately a 22% increase from that of the 
Spokeman, which received the lowest sound quality score.  
The Oticon did not receive a significantly higher score than the Voicette (p 
= .859) and ChatterVox (p = .136). However, the Oticon received a significantly 
higher sound quality score than that of four device types: the SoniVox (p = .012), 
and the ADDvox, the no device condition, and Spokeman (p < .001).  
The Voicette received a sound quality score that was not significantly 
higher than that of three devices: the ChatterVox, SoniVox, and ADDvox (p = 
1.000). However, the Voicette received a significantly higher sound quality score 
than that of the no device condition and the Spokeman (p = .001).  
The Spokeman received a significantly lower score than that of the 
ChatterVox (p = .002), SoniVox (p = .038), and ADDvox (p = .001), but there were 
no other significant differences between the device types with the five lowest 
scores (p ≥ .061). 
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Figure 52. Sound quality scores by device type. This figure illustrates the 
average sound quality score given by the listener group for each device type 
across all experimental conditions. Note: the standard error was used for the 
error bars. 
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Table 56  
Sound Quality Scores by Device Type 
Amplification Device Type Mean  Standard Error Score 
ADDvox 44.6 1.59 
BoomVox 60.2 1.86 
ChatterVox 46.8 2.08 
No Device 39.7 2.09 
Oticon 51.9 1.97 
SoniVox 45.3 2.06 
Spokeman 38.2 1.52 
Voicette 48.5 2.26 
*Note: scores represent the percentage on a visual analog scale from 0–100%.  
Interactions. The speaker group by speech task interaction was not 
significant, F(1, 18) = 0.875, p = .362, ηp2 = .046, and is illustrated in Figure 53 
with associated means and standard error scores listed in Table 57. This non-
significant interaction indicates that each speaker group received a similar 
pattern of sound quality ratings across the SIT and conversation speech tasks. 
The control group received less than a 1% higher score during the SIT task 
compared to the conversation task, and the Parkinson’s group received a 4% 
higher score during the SIT task.  
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Figure 53. Sound quality scores by speaker group and speech task. This figure 
illustrates the average sound quality score given by the listener group for each 
speaker participant group during the SIT task and conversation task. Note: the 
standard error was used for the error bars. 
Table 57  
Sound Quality Scores by Speaker Group and Speech Task 
Speech Task Speaker Group Mean  Standard Error Score 
SIT  Control 55.3 2.61 
SIT Parkinson’s 41.8 2.49 
Conversation Control 54.8 2.58 
Conversation Parkinson’s 37.2 2.58 
*Note: scores represent the percentage on a visual analog scale from 0–100%.  
The speaker group by background noise condition was not significant, 
F(1, 18) = 0.002, p = .362, ηp2 = .046, and is illustrated in Figure 54 with 
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associated means and standard error scores listed in Table 58. This non-
significant interaction indicates that the PD and control groups received a similar 
pattern of sound quality ratings across the no noise and 65 dB SPL multi-talker 
background noise conditions. Both the control and Parkinson’s groups received 
approximately a 27% score increase in the no noise condition compared to the 
65 dB SPL multi-talker noise condition. 
	  
Figure 54. Sound quality scores by speaker group and noise condition. This 
figure illustrates the average sound quality score given by the listener group for 
each speaker group in the no noise and 65 dB SPL multi-talker background 
noise conditions. Note: the standard error was used for the error bars. 
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Table 58  
Sound Quality Scores by Speaker Group and Noise Condition 
Noise Condition Speaker Group Mean  Standard Error Score 
No noise Control 68.5 2.49 
No noise Parkinson’s 52.3 2.49 
Multi-talker noise Control 41.6 2.74 
Multi-talker noise Parkinson’s 25.3 2.74 
*Note: scores represent the percentage on a visual analog scale from 0–100%.  
The speaker group by device type interaction was not significant, F(7, 
126) = 1.31, p = .253, ηp2 = .068, and is illustrated in Figure 55 with associated 
means and standard error scores listed in Table 59. This non-significant 
interaction indicates that the PD and control groups received a similar pattern of 
sound quality ratings across the device types.  
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Figure 55. Sound quality scores by speaker group and device type. This figure 
illustrates the average sound quality score given by the listener group for each 
device type across both the control group (bottom panel) and Parkinson’s group 
(top panel). Note: the standard error was used for the error bars.  
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Table 59  
Sound Quality Scores by Speaker Group and Device Type 
 Control Parkinson’s 
Device Type Mean Standard Error 
Score 
Mean Standard Error 
Score 
ADDvox 52.8 2.24 36.4 2.24 
BoomVox 69.7 2.63 50.8 2.63 
ChatterVox 55.9 2.94 37.7 2.94 
No Device 48.7 2.95 30.6 2.95 
Oticon 60.1 2.78 43.7 2.78 
SoniVox 53.7 2.91 36.9 2.91 
Spokeman 45.6 2.15 30.8 2.15 
Voicette 53.8 3.19 43.1 3.19 
*Note: scores represent the percentage on a visual analog scale from 0–100%.   
The interaction between the speech task and the noise condition was 
significant, F(1, 18) = 5.09, p = .037, ηp2 = .220, and is illustrated in Figure 56 
with associated means and standard error scores listed in Table 60. This 
significant interaction indicates that the effect of the speech tasks (SIT reading 
versus conversation) received a different pattern of sound quality ratings across 
the two noise conditions (no noise versus 65 dB SPL noise). Speech produced in 
no noise received approximately a 4% higher sound quality rating during the SIT 
task compared to the conversation task; whereas, speech produced in the 65 
dB SPL multi-talker noise condition received less than a 1% higher sound 
quality rating during the conversation task compared to the SIT task. 
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Figure 56. Sound quality scores by speech task and noise condition. This figure 
illustrates the average sound quality score given by the listener group for each 
speech task in the no noise and 65 dB SPL multi-talker background noise 
conditions. Note: the standard error was used for the error bars. 
Table 60  
Sound Quality Scores by Speech Task and Noise Condition 
Noise Condition Speech Task Mean  Standard Error Score 
No noise SIT 62.2 1.82 
No noise Conversation 58.5 1.99 
Multi-talker noise SIT 33.3 2.22 
Multi-talker noise Conversation 33.6 2.05 
*Note: scores represent the percentage on a visual analog scale from 0–100%.  
The speech task by device interaction was not significant, F(7, 126) = 
0.886, p = .520, ηp2 = .047, and is illustrated in Figure 57 with the corresponding 
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descriptive statistics (means and standard error scores) listed in Table 61. This 
non-significant interaction indicates that the speech tasks (SIT reading versus 
conversation) were associated with the same pattern of sound quality ratings 
across the speech amplification device conditions.  
	  
Figure 57. Sound quality scores by speech task and device type. This figure 
illustrates the average sound quality score given by the listener group for each 
device type across both noise conditions during the SIT task (bottom panel) and 
conversation task (top panel). Note: the standard error was used for the error 
bars.  
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Table 61  
Sound Quality Scores by Speech Task and Device Type 
 SIT Speech Task Conversation Task 
Device Type Mean Standard Error 
Score 
Mean Standard Error 
Score 
ADDvox 47.5 2.18 42.5 2.24 
BoomVox 63.0 1.97 57.7 2.12 
ChatterVox 48.1 2.07 46.2 2.81 
No Device 40.8 2.61 39.9 2.21 
Oticon 52.6 2.52 51.8 1.84 
SoniVox 47.4 2.40 44.1 2.67 
Spokeman 39.6 1.95 37.7 1.91 
Voicette 49.1 2.46 48.5 2.72 
*Note: scores represent the percentage on a visual analog scale from 0–100%.  
Mauchly’s test indicated that the assumption of sphericity had been 
violated (χ2(27) = 43.0, p = .030) for the noise condition by device type 
interaction; therefore, degrees of freedom were corrected using Greenhouse-
Geisser estimates of sphericity (ε = .557) for the noise condition by device type 
interaction and group by noise by device interaction. The interaction between 
noise condition and device type was significant, F(3.90, 70.21) = 7.80, p < .001, 
ηp2 = .302, and is illustrated in Figure 58 with the descriptive statistics listed in 
Table 62. This indicates that the effect of the noise conditions (no noise versus 
multi-talker noise) received a different pattern of sound quality ratings across the 
device types. The interaction appears to be related to the differential effects of 
the noise conditions on the sound quality ratings of the ChatterVox and the no 
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device condition. The score of the ChatterVox increased from the second lowest 
in the no noise condition to the third highest in the multi-talker noise; whereas, 
the no device condition decreased from the third lowest in no noise to the lowest 
score in multi-talker noise. All other devices either remained in the same position 
or only shifted by one position in the pattern of average sound quality scores. 
	  
Figure 58. Sound quality scores by noise condition and device type. This figure 
illustrates the average sound quality score given by the listener group for each 
device type across both speech tasks in the no noise condition (bottom panel) 
and the 65 dB SPL multi-talker background noise condition (top panel). Note: 
the standard error was used for the error bars.  
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Table 62  
Sound Quality Scores by Noise Condition and Device Type 
 No Noise Condition  Multi-talker Noise Condition 
Device Type Mean Standard Error 
Score 
Mean Standard Error 
Score 
ADDvox 58.9 2.25 30.4 2.96 
BoomVox 67.8 1.59 52.7 2.57 
ChatterVox 58.4 3.23 35.2 2.13 
No Device 58.8 2.19 20.5 2.56 
Oticon 65.7 2.03 38.1 2.35 
SoniVox 60.1 2.26 30.5 2.75 
Spokeman 51.2 1.77 25.2 2.14 
Voicette 62.0 2.59 34.9 2.42 
*Note: scores represent the percentage on a visual analog scale from 0–100%.  
The three-way interaction between speaker group, speech task, and 
noise condition was not significant, F(1, 18) = 0.559, p = .449, ηp2 = .032. This 
indicates that the pattern seen in the non-significant speaker group by speech 
task interaction is similar to that of the non-significant speaker group by noise 
condition interaction. 
The speaker group by speech task by device type interaction was not 
significant, F(7, 126) = 1.40, p = .212, ηp2 = .072. This indicates that the pattern 
seen in the non-significant speaker group by device type interaction is similar to 
that of the non-significant speech task by device type interaction. 
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The speaker group by noise condition by device type interaction was not 
significant, F(3.90, 70.21) = 0.921, p = .455, ηp2 = .049. This indicates that the 
pattern seen in the non-significant speaker group by device type interaction is 
similar to that of the significant noise condition by device type interaction. 
The speech task by noise condition by device type interaction was not 
significant, F(7, 126) = 1.36, p = .230, ηp2 = .070. This indicates that the pattern 
seen in the non-significant speech task by device type interaction is similar to 
that of the significant noise condition by device type interaction. 
There was no significant four-way interaction between the speaker group, 
speech task, noise condition, and device type, F(7, 126) = 1.51, p = .171, ηp2 = 
.077. 
3.6.2 Secondary analysis of sound quality.  
A series of planned paired-samples t-tests (Appendix AL) was conducted 
as a more detailed examination of sound quality differences between device 
types (ADDvox, BoomVox, ChatterVox, no device (unamplified speech), Oticon, 
SoniVox, Spokeman, and Voicette) in the most demanding and ecologically-valid 
context. To accomplish this, device types were compared by analyzing the data 
for only the Parkinson’s speaker group during the conversation task in the 65 dB 
SPL multi-talker background noise condition.  
The speech output from different device types received significantly 
different average sound quality scores for the Parkinson’s speaker group during 
the conversation task in the multi-talker noise condition. The t-test results are 
illustrated in Figure 59 with corresponding descriptive statistics (means and 
standard deviations) listed in Table 63. A summary of the significance values 
from the paired comparisons between each device type is listed in Table 64. 
The BoomVox received the highest average sound quality score, but the 
score was not significantly higher than that of the Voicette, t(9) = 2.14, p = .061. 
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However, the average sound quality score for the BoomVox was significantly 
higher than all other device types: the Oticon, t(10) = 5.12, p < .001; the 
ChatterVox, t(9) = 3.73, p = .005; the SoniVox, t(10) = 4.61, p < .001; the 
ADDvox, t(10) = 5.57, p < .001; the Spokeman, t(10) = 8.25, p < .001; and the no 
device condition, t(10) = 5.87, p < .001.  
The average sound quality score for the Voicette was not significantly 
higher than that of the Oticon, t(9) = 2.02, p = .075, or the ChatterVox, t(9) = 
2.14, p = .061. However, the average sound quality score for the Voicette was 
significantly higher than that of four device types: the SoniVox, t(9) = 3.21, p = 
.011; the ADDvox, t(9) = 3.56, p = .006; the Spokeman, t(9) = 3.91, p = .004; and 
the no device condition, t(9) = 3.78, p = .004.  
The average sound quality score for the Oticon was not significantly 
higher than that of three device types: the ChatterVox, t(9) = 1.00, p = .342; the 
SoniVox, t(10) = 1.06, p = .316; or the ADDvox, t(10) = 1.76, p = .109. However, 
the average sound quality score for the Oticon was significantly higher than that 
of the Spokeman, t(10) = 2.69, p = .023, and the no device condition, t(10) = 
3.47, p = .006.  
The average sound quality score for the ChatterVox was not significantly 
higher than that of the SoniVox, t(9) = 0.944, p = .370, or the ADDvox, t(9) = 1.73, 
p = .118. However, the average sound quality score for the ChatterVox was 
significantly higher than that of the Spokeman, t(9) = 2.30, p = .047, and the no 
device condition, t(9) = 3.45, p = .007.  
The average sound quality score for the SoniVox was not significantly 
higher than that of the ADDvox, t(10) = 0.642, p = .535, or the Spokeman, t(10) = 
1.03, p = .329. However, the average sound quality score for the SoniVox was 
significantly higher than that of the no device condition, t(10) = 2.45, p = .034.  
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There were no significant differences between the device types with the 
three lowest average sound quality scores. The score for the ADDvox was not 
significantly higher than that of the Spokeman, t(10) = 1.44, p = .888, or the no 
device condition, t(10) = 1.14, p = .280. The score for the Spokeman was not 
significantly higher than that of the no device condition, t(10) = 1.17, p = .113. 
	  
Figure 59. Sound quality scores by device type. This figure illustrates the 
average sound quality score given by the listener group for each device type for 
only the Parkinson’s speaker group during the conversation task in the 65 dB 
SPL multi-talker noise condition.  
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Table 63  
Sound Quality Scores by Device Type 
Amplification Device Type Mean  Standard Deviation 
ADDvox 21.1 19.4 
BoomVox 42.9 14.7 
ChatterVox 25.7 9.1 
No Device 14.8 15.3 
Oticon 28.9 11.1 
SoniVox 24.6 16.5 
Spokeman 20.5 12.5 
Voicette 34.4 15.0 
*Note: scores represent the percentage on a visual analog scale from 0–100%.  
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Table 64  
Significance Values from the Device Comparisons for Sound Quality Scores 
 BoomVox Voicette Oticon ChatterVox SoniVox ADDvox Spokeman 
No Device < .001 .004 .006 .007 .034 NS NS 
Spokeman < .001 .004 .023 .047 NS NS 
ADDvox < .001 .006 NS NS NS 
SoniVox .001 .011 NS NS 
ChatterVox .005 NS NS 
Oticon < .001 NS 
Voicette NS 
In summary, although the present study found some variations in the 
device hierarchy across the outcome measures assessed, an overall tally of 
device rankings across all ten outcome measures, i.e., comfort, appearance, 
sound quality, amplification power, overall preference, speech intensity, SNR, 
VAS-based intelligibility, transcription-based intelligibility, and VAS-based sound 
quality is presented in Table 72. A numerical score from 1 to 7 was assigned to 
each device to indicate its ranking for a given measure, with 7 representing the 
highest rank and 1 representing the lowest. Finally, the scores for each device 
were totaled across all measures to capture an overview of the individually 
identified device hierarchies. 
 The BoomVox outcome measures surpassed those of all other devices 
and it received generally good experience scores. The ChatterVox and Oticon 
outcome measures were similarly high, but higher experience ratings were 
associated with the ChatterVox. Although the Spokeman received the highest 
experience ratings, it had inconsistent performance scores across outcome 
measures. The Voicette consistently received the lowest ratings according to 
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speakers’ experience with the device, which offset its consistently high 
performance outcome scores. Neither the SoniVox nor the ADDvox were ranked 
high in the hierarchies. However, the experience ratings and outcome measures 
associated with ADDvox were consistently lower than those of the SoniVox. 
Table 65  
Overview of Device Hierarchies across Outcome Measures 
Measure BoomVox ChatterVox Oticon Spokeman Voicette SoniVox ADDvox 
Intensity 7 6 3 2 5 4 1 
SNR 7 5 3 4 6 2 1 
VAS 
Intelligibility 7 4 3 5 6 1 2 
Transcription 
Intelligibility 7 5 4 3 6 2 1 
Listener 
Sound 
Quality 
7 4 5 1 6 3 2 
Comfort 5 2 6 7 1 3 4 
Appearance 5 3 4 7 1 6 2 
Speaker 
Sound 
Quality 
6 7 5 1 2 4 3 
Power 6 7 5 2 1 4 3 
Overall 
Preference 4 6 5 7 1 3 2 
Total 61 49 43 39 35 32 21 
 
3.7 Measurement reliability 
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To examine reliability, a portion of the data was re-analyzed by the same 
individual and analyzed independently by a different individual for all dependent 
measures as described in the Chapter 2. Intraclass correlational analyses, using 
a two-way mixed effects model and an absolute agreement definition for the 
intraclass correlation coefficient, were conducted to examine intra-rater and 
inter-rater reliability for all dependent measures.  
Intra-rater reliability for the measurement of speech intensity was high, 
ICC = .999, p < .001, and inter-rater reliability was high, ICC = .990, p < .001 
(Appendix AM). 
Intra-rater reliability for the measurement of speech-to-noise ratio was 
high, ICC = .991, p < .001, and inter-rater reliability was high, ICC = .982, p < 
.001 (Appendix AN). 
Intra-rater reliability for the measurement of intelligibility by visual analog 
scale was good with an overall average correlation coefficient of .901 and a 
range of .628 to .971, and the correlation coefficients are displayed in Table 66. 
Inter-rater reliability was high, ICC = .971, p < .001 (Appendix AO).  
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Table 66  
Intraclass Correlation Coefficients for Intelligibility by Visual Analog Scales 
Listener Participant Correlation Coefficient Significance 
L1 .971 < .001 
L2 .866 < .001 
L3 .866 < .001 
L4 .943 < .001 
L5 .938 < .001 
L6 .628 < .001 
L7 .970 < .001 
L8 .927 < .001 
L9 .962 < .001 
L10 .939 < .001 
*Note: correlation coefficients represent absolute agreement.  
Intra-rater reliability for the measurement of intelligibility by transcription 
was high, ICC = .974, p < .001, and inter-rater reliability was high, ICC = .970, p 
< .001 (Appendix AP). 
Intra-rater reliability for the measurement of sound quality was good with 
an overall average correlation coefficient of .755 and a range of .638 to .894, and 
the correlation coefficients for each listener are displayed in Table 67. Inter-rater 
reliability was good, ICC = .801, p < .001 (Appendix AQ). 
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Table 67  
Intraclass Correlation Coefficients for Sound Quality Scores 
Listener Participant Correlation Coefficient Significance 
L1 .638 < .001 
L2 .682 < .001 
L3 .747 < .001 
L4 .890 < .001 
L5 .894 < .001 
L6 .702 < .001 
L7 .639 < .001 
L8 .747 < .001 
L9 .847 < .001 
L10 .764 < .001 
*Note: correlation coefficients represent absolute agreement.  
Overall, these correlation coefficients demonstrated good intra-rater and 
inter-rater reliability for all dependent measures. 
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Chapter 4 
4  Discussion 
The purpose of this study was to examine the effect of speech tasks, 
background noise levels, and selected speech amplification devices on speech 
outcome measures in PD and control participants. Speech outcome measures 
included objective acoustic measures, i.e., speech intensity and SNR, 
intelligibility scores, and sound quality scores.  
The main objectives of this study were as follows: 1) evaluate the effect of 
amplification device type on speaker preference scores, i.e., ratings of comfort, 
appearance, amplification power, sound quality, and overall preference for use; 
2) evaluate the effect of speech tasks, background noise levels, and selected 
speech amplification devices on speech intensity in PD and control participants; 
3) evaluate the effect of speech tasks, background noise levels, and selected 
speech amplification devices on SNR in PD and control participants; 4) evaluate 
the effect of speech tasks, background noise levels, and selected speech 
amplification devices on intelligibility in PD and control participants; 5) evaluate 
the effect of speech tasks, background noise levels, and selected speech 
amplification devices on sound quality in PD and control participants; 6) 
selectively evaluate speech amplification device performance in Parkinson 
participants during conversation in the 65 dB SPL noise condition. This selective 
evaluation of device performance in PD participants conversing in noise was 
treated as a separate, secondary analysis that focused on the conditions that 
were judged to have the highest degree of ecological validity.  
This chapter will discuss the results found in this study and compare 
these results to previous research findings. The results of the secondary 
evaluations of device performance for PD participants conversing in noise are 
discussed subsequent to the discussion of main effects and interactions of the 
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related outcome measure. Finally, a tentative overall ranking of recommended 
devices will be presented. 
4.1 Speaker preference scores.  
The results of this study reveal that the BoomVox, ChatterVox, and Oticon 
received high ratings fairly consistently across all experiential dimensions. The 
PD speakers rated the ChatterVox significantly higher than all other devices for 
the functional dimensions (sound quality and amplification power). The ADDvox 
and SoniVox received moderate ratings across dimensions, but the SoniVox 
usually received a higher rating than the ADDvox. The Spokeman received lower 
ratings on functional dimensions, higher ratings on aesthetic dimensions 
(comfort and visual presentation), and the highest overall preference rating. The 
Voicette was given consistently low ratings across all experiential dimensions, 
and all speakers rated the Voicette significantly lower than all other devices for 
comfort, visual presentation, and overall preference.  
Although this study found that the ratings for each experiential dimension 
provided by the control group were not significantly difference from that of the 
PD group across all device types, the PD group seemed to have provided lower 
ratings in general. One explanation for this difference may be that as individuals 
with hypophonia, who are therefore more likely to be prescribed a speech 
amplification device, they may have been more critical of device characteristics.   
This is the first study to compare speaker preferences across these seven 
speech amplification devices and these five experiential dimensions. It has been 
reported that the ChatterVox is the most commonly prescribed amplification 
device and that most SLPs determine prescription based primarily on “patient 
preference and comfort” (Bertrand, 2009, p. 26). However, our results found the 
Spokeman surpassing the ChatterVox in both comfort and overall preference. 
The reason Bertrand (2009) did not find the Spokeman to be the most commonly 
prescribed device may be related to the report that fewer SLPs had heard of or 
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used the Spokeman than the ChatterVox. Therefore, clinician experience may be 
a greater factor in device prescription than patient preference. 
According to the outcome measures addressed in this study, the 
BoomVox received the highest scores or values for both main effects and the PD 
group during conversation in the multi-talker noise. However, the speakers only 
rated the BoomVox highest for sound quality when all speakers’ data was 
considered. The ChatterVox received high preference ratings and was the only 
device found to be rated significantly higher than the other devices (for sound 
quality and power), and the ChatterVox also was ranked within the top four 
highest positions in the device hierarchy for all outcome measures. The Voicette 
received the lowest speaker preference score, but was found to be in either 
second or third highest place in the device hierarchy for all outcome measures. 
Conversely, the speakers rated the Spokeman highest for overall preference 
despite the Spokeman ranking within the lowest four positions on the device 
hierarchy for all outcome measures with the exception of intelligibility by VAS for 
only the PD speakers. Overall, it appears that speaker preference does not 
predict effectiveness based on outcome measures for most devices. One 
possible explanation for this discrepancy may be that preference is highly 
influenced by the appearance and size of the device, but additional research is 
needed to confirm that device comfort and aesthetics outweigh device 
performance in determining device preference. 
4.2 Primary analysis of speech intensity. 
The results of this study reveal that the control group produced speech 
intensity that was significantly higher than that of the PD group. The speech 
intensity produced by the control group was on average 4 dB SPL higher than 
that of the PD group across both speech task conditions, both noise conditions, 
and all device conditions. These results were anticipated because hypophonia is 
primarily characterized by a reduction in speech intensity and loudness. 
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Hypophonia is a significant impairment for 40–50% of individuals with 
hypokinetic dysarthria and can manifest even in the early stages of PD (Adams & 
Dykstra, 2009; Kempler & Van Lancker, 2002). The 4 dB SPL difference found in 
this study is consistent with the 2–5 dB SPL reduction in speech intensity 
exhibited by individuals with hypophonia speaking in no noise and background 
noise conditions, which has been reported in the literature (Adams et al., 2010; 
Fox & Ramig, 1997). This is the first study to compare and report amplifier-
based speech intensity of PD and control participants. It appears that the 
amplified speech intensity of the PD participants is generally about 4 dB SPL 
less than that of control participants. 
The results of this study reveal that during the SIT task, speakers 
produced a significantly higher speech intensity relative to the conversation task. 
Speech intensity dropped by approximately 1 dB SPL on average during the 
conversation task. These findings are consistent with previous research that has 
found cognitively-demanding speech tasks, such as conversation, to be 
associated with a reduction in speech intensity (Ho et al., 1999; Moon, 2005). 
The results of this study found that PD and control speakers produced a similar 
pattern of speech intensity across the SIT and conversation task.  
The results of this study reveal that speakers produced a significantly 
higher speech intensity in the presence of 65 dB SPL multi-talker background 
noise than in no noise. Speech intensity increased by approximately 10 dB SPL 
in the presence of background noise relative to no noise. These results can be 
explained by the Lombard effect, which refers to when speakers increase their 
speech intensity in response to an increase in background noise and is typically 
triggered when the noise intensity exceeds a threshold of 50 dB SPL (Adams et 
al., 2005; Adams et al., 2006; Lombard, 1911).  
PD and control speakers produced a significantly different pattern of 
speech intensity across the no noise and multi-talker noise condition. The 
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Parkinson’s group had approximately an 11 dB SPL increase in speech intensity 
in the 65 dB SPL noise condition relative to the no noise condition; whereas, the 
control group had approximately a 9 dB SPL increase in speech intensity in the 
65 dB SPL noise condition relative to the no noise condition. These results may 
be related to the control speakers producing a greater reverse-Lombard effect 
than the PD participants. The reverse-Lombard effect refers to when speakers 
decrease their speech intensity if they perceive it to be louder than appropriate 
for the given environment. This effect can be caused by a sudden reduction in 
background noise, but may also be the result of amplification of the individual’s 
speech (Adams et al., 2005; Adams et al., 2006; Lombard, 1911; Lane & Tranel, 
1971). The results from this study may suggest that control speakers exhibited a 
reverse-Lombard effect response to the background noise because of their 
speech being amplified beyond the level necessary to compete with the 
background noise. In contrast, the PD participants may not have exhibited a 
reverse-Lombard effect because their amplified speech may have reached an 
intensity level that was judged to be appropriate to the competing background 
noise. It is also possible that the PD participants have a specific sensorimotor 
deficit that interferes with the normal reverse-Lombard effect. Further studies of 
intensity regulation during amplified speech are required to examine the 
possibility of a deficit in the reverse-Lombard effect in PD. 
The results of this study revealed a significant interaction between the 
speech tasks and the noise conditions. In particular, the conversation task was 
associated with approximately a 12 dB SPL decrease in speech intensity 
produced in the no noise condition relative to the multi-talker condition; 
whereas, the SIT task was associated with approximately a 9 dB SPL decrease 
in speech intensity produced in the no noise condition relative to the multi-talker 
condition. As previously discussed, it was anticipated that the more cognitively 
demanding task, i.e., conversation, may exacerbate the intensity reduction in the 
no noise condition (Ho et al., 1999; Moon, 2005).   
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The results of this study reveal that the type of device used significantly 
affected the intensity of the speech output, with 18 out of 28 pairs of device 
comparisons reaching significance. The hierarchy of device types according to 
speech intensity beginning with the highest speech intensity was as follows: 1) 
BoomVox, 2) ChatterVox, 3) Voicette, 4) Oticon, 5) SoniVox, 6) ADDvox, 7) 
Spokeman, and 8) no device. The speech intensity of the BoomVox exceeded 
that of the no device condition by approximately 9 dB SPL on average; whereas, 
the speech intensity of the Spokeman was only approximately 3 dB SPL higher 
than the no device condition. The results of this study reveal that control and PD 
speakers produced a similar pattern of speech intensity across the device types. 
The results of this study revealed a significant speech task by device 
interaction for speech intensity. In other words, the speech tasks (SIT versus 
conversation) were associated with a significantly different pattern of speech 
intensity produced across the device conditions. The same four device types 
that produced the four highest speech intensities during the SIT task also 
produced the four highest speech intensities during the conversation task. 
Congruently, the same four device types that produced the four lowest speech 
intensities during the SIT task also produced the four lowest speech intensities 
during the conversation task. However, within these two general groupings, the 
precise order of some of the device types shifted between the SIT and 
conversation tasks with the exception of the devices with highest and lowest 
speech intensity, which remained in the same positions. Overall, the significant 
interaction appears to be primarily related to the differential effects of the speech 
task on the speech intensity of two device type pairs: 1) Voicette and Oticon and 
2) ADDvox and Spokeman. The Voicette and ADDvox were one position lower in 
the device hierarchy during the conversation task relative to the SIT task; 
correspondingly, the Oticon and Spokeman were one position higher during the 
conversation task relative to the SIT task. All of the other devices remained in the 
same position. 
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The results of this study reveal that the noise condition was associated 
with a significantly different pattern of speech intensity produced across the 
device types. The significant noise by device interaction appears to be primarily 
related to the differential effects of the noise condition on the speech intensity 
production of one device type pair: the Oticon and SoniVox. The Oticon was one 
position lower in the device hierarchy in the multi-talker noise condition relative 
to the no noise condition; correspondingly, the SoniVox was one position higher 
in the multi-talker noise condition relative to the no noise condition. All of the 
other devices remained in the same position. 
The results of this study reveal that the pattern (device hierarchy) seen in 
the significant group by noise interaction is similar to that of the non-significant 
group by task interaction. Also, the pattern seen in the significant speech task by 
device type interaction is similar to that of the non-significant speaker group by 
device type interaction, and the pattern seen in the non-significant group by 
device type interaction is similar to that of the significant noise by device type 
interaction. The interaction results suggest that the device hierarchy remained 
fairly consistent across speech tasks, noise conditions, and participant groups. 
The three-way interactions for group/task/noise, group/task/device, and 
group/noise/device, and the four-way interaction for group/task/noise/device 
were not significant. On the other hand, the three-way interaction for 
device/task/noise was significant. This indicates that the device hierarchy was 
significantly influenced by the combined effects of the task and noise conditions. 
In particular, it appears that the hierarchical pattern of the devices was 
influenced to a greater degree by shifting from the SIT to the conversation task 
than it was by shifting from the no noise to the multi-talker noise condition. The 
task-related changes in speech intensity had a more pronounced effect on the 
device hierarchy than the noise-related changes. 
Overall, the device hierarchy related to speech intensity remained fairly 
stable across experimental conditions, except for some minor modulating 
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effects of speech task. The BoomVox consistently produced the highest speech 
intensity values, followed by the ChatterVox, and the no device condition 
consistently produced the lowest speech intensity values. The most common 
positions in the hierarchy for the remaining devices were as follows: 3) Voicette, 
4) Oticon, 5) SoniVox, 6) ADDvox, and 7) Spokeman. These devices shifted up or 
down in the hierarchy by one position for one or two conditions due to the 
narrow range of intensity values produced. However, the Voicette’s position in 
the hierarchy was considerably lower for the PD participants such that it was 
tied with the Spokeman as the device with the lowest intensity above the no 
device condition. One explanation for the reduced intensity of the Voicette with 
this speaker group may be that the PD participants experienced greater difficulty 
holding the handheld microphone at the prescribed distance from their mouths 
while speaking because of tremors or fatigue. To confirm this explanation, future 
studies may consider mounting the microphone to the participant (similar to a 
harmonica holder) to maintain the correct distance. Alternatively, future studies 
may consider using the headset microphone option for the Voicette with the 
caveat that the microphone may have different specifications that lead to 
different results overall. On the other hand, the Voicette maintained its usual rank 
of third highest speech intensity with the PD group when conversing in noise. 
This discrepancy makes it difficult to speculate confidently about the cause of its 
performance with the PD group overall. 
4.2.1 Secondary analysis of speech intensity. 
The results of this part of the study reveal that the type of device used 
significantly affected the speech intensity of the speech output for the 
Parkinson’s speaker group during the conversation task in the multi-talker 
background noise, with 16 out of 28 pairs of device types reaching significance. 
The hierarchy of device types according to speech intensity beginning with the 
highest speech intensity is as follows: 1) BoomVox, 2) ChatterVox, 3) Voicette, 4) 
SoniVox, 5) Oticon, 6) Spokeman, 7) ADDvox, and 8) no device. The speech 
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intensity of the BoomVox exceeded that of the no device condition by 
approximately 5 dB SPL; whereas, the speech intensity of the ADDvox was only 
approximately 1 dB SPL higher than the no device condition. The Oticon and 
SoniVox switched places as well as the ADDvox and Spokeman from the overall 
main effects, although neither pair was found to be significantly different. 
4.3 Primary analysis of SNR. 
The results of this study reveal that the control group produced a 
significantly higher SNR than the PD group. The SNR produced by the control 
group was on average 4 dB SPL higher than that of the PD group across both 
speech task conditions, both noise conditions, and all device conditions. Adams 
and colleagues (2008) reported that an “overall gain reduction” may be captured 
by the SNR even when the Lombard effect is exhibited in a parallel manner 
between control and PD groups. Therefore, the results of this study, which found 
that a 4 dB SPL decrease in speech intensity was maintained in the presence of 
background noise as captured by the SNR, are consistent with previous 
research comparing SNR of individuals with hypophonia and control participants 
in no noise and background noise conditions (Adams et al., 2008). This is the 
first study to compare and report amplifier-based SNR of PD and control 
participants. It appears that the amplified SNR of the PD participants is generally 
about 4 dB SPL less than the control participants. 
The results of this study reveal that during the SIT task, speaker produced 
a significantly higher SNR relative to the conversation task. The SNR dropped by 
approximately 1 dB SPL on average during the conversation task. These 
findings were anticipated based on previous research that has found cognitively-
demanding speech tasks, such as conversation, to be associated with a 
reduction in speech intensity and this speech intensity reduction was anticipated 
to be reflected in the SNR (Ho et al., 1999; Moon, 2005). The results of this study 
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found that PD and control speakers produced a similar pattern of SNR across 
the SIT and conversation task. 
The results of this study reveal that speech produced in the no noise 
condition had a significantly higher SNR than that of speech produced in the 65 
dB SPL multi-talker noise condition. The SNR in no noise was approximately 7 
dB SPL higher than in the multi-talker noise on average. These results are 
consistent with previous research comparing PD and control participants 
speaking in no noise and background noise conditions. Despite the Lombard 
effect causing increased speech intensity in the presence of background noise, 
research has shown that a negative relationship exists between SNR and 
background noise levels for both individuals with PD and control participants 
(Adams et al., 2008; Ho et al., 1999).  
In addition, the results of this study reveal that the control and PD 
speaker groups had a significantly different pattern of SNR across the no noise 
and 65 dB SPL noise conditions. The control group had a decrease in SNR in 
the 65 dB SPL noise condition that was significantly greater than the noise-
related decrease in SNR for the Parkinson’s group. The control group had 
approximately an 8 dB SPL lower SNR in the 65 dB SPL noise condition relative 
to the no noise condition; whereas, the PD group had approximately a 6 dB SPL 
lower SNR in the 65 dB SPL noise condition relative to the no noise condition. 
However, it should be noted that the SNR is most accurately measured when 
there is an adequate noise level. In the present study, the no noise condition is 
associated with a fairly low level of ambient noise (less than 45 dB SPL) and due 
to the sensitivity limitations (dynamic range) of the microphone it is difficult to 
obtain an accurate measure of the ambient noise. A more accurate estimate of 
SNR is obtained during the 65 dB SPL noise condition. In this condition, the PD 
participants had an SNR of about 3 dB SPL and this was approximately 3 dB 
SPL less than that of the control participants. 
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The results of this study revealed a significant interaction between the 
speech tasks and the noise conditions. In particular, the conversation task was 
associated with approximately a 6 dB SPL decrease in SNR in the multi-talker 
noise condition relative to the no noise condition; whereas, the SIT task was 
associated with approximately an 8 dB SPL decrease in SNR in the multi-talker 
noise condition relative to the no noise condition. As previously discussed, it 
was anticipated that the more cognitively demanding task, i.e., conversation, 
may exacerbate the SNR reduction in the multi-talker noise condition (Adams et 
al., 2008: Ho et al., 1999; Moon, 2005).   
The results of this study reveal that the type of device used significantly 
affected the SNR of the speech output, with 18 out of 28 pairs of device types 
reaching significance. The hierarchy of device types according to SNR beginning 
with the highest SNR is as follows: 1) BoomVox, 2) ChatterVox, 3) Voicette, 4) 
Oticon, 5) SoniVox, 6) Spokeman, 7) ADDvox, and 8) no device. The SNR for the 
BoomVox exceeded that of the no device condition by approximately 8 dB SPL 
on average; whereas, the SNR of the ADDvox was only approximately 3 dB SPL 
higher than the no device condition on average. The results of this study reveal 
that control and PD speakers produced a similar pattern of SNR across the 
device types. 
The results of this study revealed a significant speech task by device 
interaction for SNR. In other words, the speech tasks (SIT reading versus 
conversation) were associated with a significantly different pattern of SNR 
across the device conditions. The same four device types that had the four 
highest SNR during the SIT task also had the four highest SNR during the 
conversation task. Congruently, the same four device types that had the four 
lowest SNR during the SIT task also had the four lowest SNR during the 
conversation task. However, within these two general groupings, the precise 
order of the device types shifted between the SIT and conversation tasks with 
the exception of the devices with highest and lowest SNR, which remained in 
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the same position. Overall, the significant interaction appears to be primarily 
related to the differential effects of the speech task on the SNR of two device 
type pairs: 1) Voicette and Oticon and 2) ADDvox and Spokeman. The Voicette 
and ADDvox were one position lower in the device hierarchy during the 
conversation task relative to the SIT task; correspondingly, the Oticon and 
Spokeman were one position higher during the conversation task relative to the 
SIT task. All of the other devices remained in the same position. 
The results of this study reveal that the noise condition was associated 
with a significantly different pattern of SNR across the device types. The 
significant interaction appears to be primarily related to the differential effects of 
the noise condition on the SNR of two device type pairs: 1) Oticon and SoniVox 
and 2) Spokeman and ADDvox. The Oticon and Spokeman were one position 
lower in the device hierarchy in the multi-talker noise condition relative to the no 
noise condition; correspondingly, the SoniVox and ADDvox were one position 
higher in the multi-talker noise condition relative to the no noise condition. All of 
the other devices remained in the same position. 
The results of this study reveal that the pattern (device hierarchy) seen in 
the significant group by noise interaction is similar to that of the non-significant 
group by task interaction. Also, the pattern seen in the significant speech task by 
device type interaction is similar to that of the non-significant speaker group by 
device type interaction, and the pattern seen in the non-significant group by 
device type interaction is significantly different from that of the significant noise 
by device type interaction. The interaction results suggest that the device 
hierarchy remained fairly consistent across speech tasks, noise conditions, and 
participant groups. The three-way interactions for group/task/noise, 
group/task/device, and group/noise/device, and the four-way interaction for 
group/task/noise/device were not significant. On the other hand, the three-way 
interaction for task/noise/device was significant. This indicates that the device 
hierarchy was significantly influenced by the combined effects of the task and 
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noise conditions. In particular, it appears that the hierarchical pattern of the 
devices was influenced to a greater degree by shifting from the SIT to the 
conversation task than it was by shifting from the no noise to the multi-talker 
noise condition. The task-related changes in SNR had a more pronounced effect 
on the device hierarchy than the noise-related changes. 
Overall, the device hierarchy related to SNR remained fairly stable across 
experimental conditions, except for some minor modulating effects of speech 
task. The BoomVox consistently produced the highest SNR, and the no device 
condition consistently produced the lowest SNR. The most common positions in 
the hierarchy for the remaining devices were as follows: 2) ChatterVox, 3) 
Voicette, 4) Oticon, 5) SoniVox, 6) Spokeman, and 7) ADDvox. These devices 
shifted up or down in the hierarchy by one position for one or two conditions due 
to the narrow range of SNR values produced. 
4.3.1 Secondary analysis of SNR.  
The results of this part of the study reveal that the type of device used 
significantly affected the SNR of the speech output for the Parkinson’s speaker 
group during the conversation task in the multi-talker background noise, with 17 
out of 28 pairs of device types reaching significance. The hierarchy of device 
types according to SNR beginning with the highest SNR is as follows: 1) 
BoomVox, 2) Voicette, 3) ChatterVox, 4) Spokeman, 5) Oticon, 6) SoniVox, 7) 
ADDvox, and 8) no device. The SNR for the BoomVox exceeded that of the no 
device condition by approximately 5 dB SPL; whereas, the SNR of the ADDvox 
was only approximately 1 dB SPL higher than the no device condition. The 
Spokeman shifted two positions up in the device hierarchy in this particular 
condition relative to its usual position for SNR, and all other devices either 
remained in the same position or shifted by one position.  
4.4 Primary analysis of intelligibility. 
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In general, the transcription data produced slightly higher intelligibility 
scores than the visual analog scale data. One possible explanation for this 
difference may be that the orthographic transcription was a more direct and 
objective measure of the number of words which were correctly identified by the 
listener; whereas, the visual analog scale data captured a more perceptual-
based judgment of intelligibility that may have been influenced by other aspects 
of speech, such as ease of comprehension and voice disorder severity.  
The results of this study reveal that the control group was significantly 
more intelligible than the PD group across both speech task conditions, both 
noise conditions, and all device conditions. The intelligibility score for the control 
group was approximately 24% higher on average than that of the PD group 
according to the VAS data and 22% higher on average according to the 
transcription data. Adams and colleagues (2008) reported that when individuals 
with PD produce an SNR below 1.8 dB SPL during a conversation task, speech 
intelligibility scores fell below 50%, i.e., less than half of the words in each 
utterance could be identified. In addition, Leszcz (2012) reported PD participants 
to have a 14% reduction in intelligibility across noise conditions (with a 21% 
reduction in a 65 dB SPL multi-talker noise condition). These previous results, 
which compared the intelligibility of individuals with hypophonia and control 
participants in no noise and background noise conditions, support the findings 
from this present study: the PD group was lower in both SNR and intelligibility 
on average relative to the control group. Leszcz (2012) also reported PD 
participants intelligibility was 20% lower during the SIT and 15% lower than 
controls on average during conversation across both noise condition. The 
present study is the first study to compare and report intelligibility measures 
from such a broad range of device types in PD and control participants. It 
appears that intelligibility of the PD participants is generally about 23% less than 
the control participants. 
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The results of this study reveal that intelligibility scores are significantly 
different for speech produced during the SIT task than that of the conversation 
task. Speech from the SIT task received an intelligibility rating that was 7% 
higher than that of the conversation task according to the VAS data and 6% 
higher according to the transcription data. These findings are supported by the 
substantial evidence that spontaneous speech is significantly less intelligible 
than reading aloud and repeating utterances (Duffy, 1995; Frearson, 1985; 
Kempler & Van Lancker, 2002). The results of this study found that PD and 
control speakers produced a similar pattern of intelligibility scores across the SIT 
and conversation task according to both the VAS and transcription data. In other 
words, both the PD and control participants showed a similar decrease in 
intelligibility scores as they shifted from the SIT task to the conversation speech 
task.  
The results of this study reveal that speech produced in no noise was 
significantly more intelligible than speech produced in the multi-talker noise. The 
intelligibility score was 50% higher on average for speech produced in 
background noise relative to speech produced in the multi-talker noise 
according to VAS data and approximately 34% higher on average according to 
transcription data. Leszcz (2012) found a 23% intelligibility reduction in a 65 dB 
SPL multi-talker noise condition compared to no noise overall for PD and control 
speakers. In light of our findings that the SNR was reduced in the multi-talker 
noise compared to no noise, a corresponding reduction in intelligibility would be 
expected and is consistent with previous research. As background noise 
increases, the SNR and intelligibility decrease, making SNR a better predictor of 
intelligibility than speech intensity when speech is produced in background 
noise (Adams et al., 2008).   
In addition, the results of this study reveal that the control and PD 
speaker groups had a significantly different pattern of speech intelligibility scores 
across the no noise and 65 dB SPL noise conditions. This interaction is primarily 
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related to a significantly greater decrease in intelligibility scores in the 65 dB SPL 
noise condition for the PD group than for the control group, which is consistent 
with previous research (Leszcz, 2012). The control group received lower 
intelligibility scores (by approximately 43% from the VAS data and 18% from the 
transcription data) in the 65 dB SPL noise condition relative to the no noise 
condition; whereas, the PD group received an even greater reduction in 
intelligibility scores (by approximately 58% from VAS data and 49% from 
transcription data) in the 65 dB SPL noise condition relative to the no noise 
condition.  
The results of this study revealed that speech produced during each of 
the speech tasks (SIT reading versus conversation) received a similar pattern of 
intelligibility ratings across the two noise conditions (no noise versus 65 dB SPL 
noise) according to both the VAS and transcription data. These results do not 
demonstrate the intensifying interaction that was seen in the objective acoustic 
measures, i.e., speech intensity and SNR, and was anticipated based on 
previous research (Adams et al., 2008: Ho et al., 1999; Leszcz, 2012; Moon, 
2005).    
The results of this study reveal that the type of device used significantly 
affected the speech intelligibility for the speech output, with 17 out of 28 pairs of 
device types reaching significance from the VAS data and 16 significant pairs 
from the transcription data. According to the VAS data, the hierarchy of device 
types according to speech intelligibility beginning with the most intelligible 
speech output is as follows: 1) BoomVox, 2) Oticon, 3) Voicette, 4) ChatterVox, 
5) Spokeman, 6) SoniVox, 7) ADDvox, and 8) no device. According to the 
transcription data, the hierarchy of device types according to speech 
intelligibility beginning with the most intelligible speech output is as follows: 1) 
BoomVox, 2) Voicette, 3) ChatterVox, 4) Oticon, 5) Spokeman, 6) SoniVox, 7) 
ADDvox, and 8) no device. Although the Oticon, Voicette, and ChatterVox 
switched positions in the hierarchy when comparing the speech intelligibility 
	  	   	  
199 
scores collected by VAS to those collected by transcription, the difference 
between each of the three devices was not statistically significant according to 
either dataset. The BoomVox speech output was significantly more intelligible on 
average (by approximately 31% from the VAS data and 30% from the 
transcription data) than the no device condition; whereas, the ADDvox speech 
output was also significantly more intelligible (by approximately 8% from the 
VAS data and 11% from the transcription data) than the no device condition on 
average. Overall, the speech intelligibility measures by VAS and by transcription 
were found to be similar on average as anticipated. 
The results from the VAS data reveal that control and PD speakers did not 
produce a significantly different pattern of intelligibility ratings across the device 
types. However, the intelligibility score of the Oticon decreased from the second 
highest for the control group to the third highest for the Parkinson’s group, and 
the ChatterVox decreased from the third highest score for the control group to 
the fourth highest for the Parkinson’s group; whereas, the Voicette increased 
from the fourth highest intelligibility score for the control group to the second 
highest score for the Parkinson’s group. All of the other devices remained in the 
same position. On the other hand, the results from the transcription data reveal 
that PD and control groups did receive a significantly different pattern of 
intelligibility ratings across the device types. This interaction was primarily 
related to the differential effects of the speaker group types on the intelligibility 
ratings of same three device types: the ChatterVox, Oticon and Voicette. The 
intelligibility score of the ChatterVox decreased from the second highest for the 
control group to the third highest for the Parkinson’s group, and the Oticon 
decreased from the third highest score for the control group to the fourth highest 
for the Parkinson’s group; whereas, the Voicette increased from the fourth 
highest intelligibility score for the control group to the second highest score for 
the Parkinson’s group. All of the other devices remained in the same position. 
Although the transcription data found a significant interaction where the VAS 
data did not, the pattern differences were almost identical. The only pattern 
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difference in the device hierarchy across both groups was that the Oticon output 
received a higher intelligibility score than the ChatterVox from the VAS data; 
whereas, the ChatterVox received a higher intelligibility score than the Oticon 
from the transcription data. 
The results of this study reveal that both of the speech tasks (SIT reading 
versus conversation) were associated with the same pattern of intelligibility 
ratings across the device conditions according to both the VAS and transcription 
data. 
The results of this study reveal that the noise condition was associated 
with a significantly different pattern of intelligibility ratings across the device 
types. According to the VAS data, this interaction appears to be primarily related 
to the differential effects of the noise conditions on the intelligibility ratings of 
two device types: the BoomVox and the ADDvox. The intelligibility score of the 
BoomVox decreased from the highest in the no noise condition to the third 
highest in the multi-talker noise condition; whereas, the ADDvox decreased from 
the fourth lowest intelligibility score in no noise to the second lowest score in the 
multi-talker noise condition. All of the other devices either remained in the same 
position or only shifted by one position in the pattern of average intelligibility 
scores. However, according to the transcription data, this interaction appears to 
be primarily related to the differential effects of the noise conditions on the 
intelligibility ratings of two different device types: the ChatterVox and Voicette. 
The intelligibility score of the ChatterVox decreased from the second highest in 
the no noise condition to the third highest in the multi-talker noise condition; 
whereas, the Voicette increased from the third highest intelligibility score in no 
noise to the second highest score in the multi-talker noise condition. All of the 
other devices remained in the same position. 
The results of this study reveal that the pattern (device hierarchy) seen in 
the significant group by noise interaction is similar to that of the non-significant 
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group by task interaction, and the pattern seen in the non-significant speech 
task by device type interaction is similar to that of the significant speaker group 
by device type interaction. Also, the pattern seen in the significant group by 
device type interaction is similar to that of the significant noise by device type 
interaction, and the pattern seen in the significant noise condition by device type 
interaction is similar to that of the non-significant speech task by device type 
interaction. The interaction results suggest that the device hierarchy remained 
fairly consistent across speech tasks, noise conditions, device types, and 
participant groups. All three-way interactions, i.e., group/task/noise, 
group/task/device, group/noise/device, and task/noise/device, and the four-way 
interaction for group/task/noise/device were not significant. 
Overall, the device hierarchy related to speech intelligibility scores 
remained fairly stable across experimental conditions. The BoomVox output 
consistently received the highest intelligibility scores, with the exception of one 
condition (no noise from VAS data) where it was still within 1% of the highest 
score. The most common positions for the devices associated with the second, 
third, and fourth highest intelligibility scores were as follows: 2) Voicette, 3) 
ChatterVox, and 4) Oticon. These devices occasionally shifted position with one 
another, but consistently remained in the top half of the hierarchy. The most 
common positions for the remaining devices were as follows: 5) Spokeman, 6) 
SoniVox, and 7) ADDvox. These devices shifted up or down by one position, but 
consistently remained in the bottom half of the hierarchy. Speech from the no 
noise condition consistently received the lowest intelligibility score. 
4.4.1 Secondary analysis of intelligibility.  
The results of this part of the study reveal that the type of device used 
significantly affected the speech intelligibility of the speech output for the 
Parkinson’s speaker group during the conversation task in the multi-talker 
background noise, with 16 out of 28 pairs of device types reaching significance 
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for the VAS data and 21 significant pairs from the transcription data. According 
to the VAS data, the hierarchy of device types according to speech intelligibility 
beginning with the most intelligible speech output is as follows: 1) BoomVox, 2) 
Voicette, 3) Spokeman, 4) ChatterVox, 5) Oticon, 6) ADDvox, 7) SoniVox, and 8) 
no device. According to the transcription data, the hierarchy of device types 
according to speech intelligibility beginning with the most intelligible speech 
output is as follows: 1) BoomVox, 2) Voicette, 3) ChatterVox, 4) Oticon, 5) 
Spokeman, 6) SoniVox, 7) ADDvox, and 8) no device. The BoomVox speech 
output was significantly more intelligible (by approximately 39% from the VAS 
data and 59% from the transcription data) than the no device condition; 
whereas, the SoniVox speech output was only approximately 6% more 
intelligible than the no device condition from the VAS data and the ADDvox 
output was approximately 14% more intelligible than the no device condition 
from the transcription data. Overall, the device hierarchy remained relatively 
similar between the VAS and transcription datasets. 
4.5 Primary analysis of sound quality. 
The results of this study reveal that the sound quality ratings for the 
speech produced by the control group was significantly higher than those for the 
PD group across both speech task conditions, both noise conditions, and all 
device conditions. The control group speech received approximately a 16% 
higher sound quality rating than that of the PD group. This is the first study to 
examine sound quality measures across device types. One possible explanation 
for the difference in sound quality ratings between speaker groups could be that 
the listeners had difficulty discriminating between the effects of the voice 
disorder and electronic distortions in the speech signal. Future studies may 
consider including both voice quality and electronic sound quality ratings to 
examine the hypothesized correlation. 
	  	   	  
203 
The results of this study reveal that sound quality scores were similar for 
speech produced during the SIT and conversation tasks. This non-significant 
finding may verify that ratings of sound quality were distinct from intelligibility 
ratings, which showed a significant task effect. In addition, the results of this 
study found that PD and control speakers received a similar pattern of sound 
quality ratings across the SIT and conversation task. 
The results of this study reveal that speech produced in no noise received 
a significantly higher sound quality rating than speech produced in the multi-
talker noise. Sound quality ratings were 27% higher on average for speech 
produced in no noise. In the same way that speech disorder severity may have 
influenced sound quality ratings, listeners may have had a difficult time 
distinguishing multi-talker noise from electronic interference, which would 
account for the differential sound quality ratings across background noise 
conditions. Future studies may consider applying a digital intensity equalization 
procedure to all speech samples to remove potential effects from amplification 
or intensity differences. Additional studies could also examine the effect of 
background noise on the sound quality ratings by using audio mixing 
procedures to systematically introduce different levels of noise into the speech 
samples. The results of this study also found that the PD and control groups 
received a similar pattern of sound quality ratings across the no noise and 65 dB 
SPL multi-talker background noise conditions. 
The results of this study revealed a significant interaction between the 
speech tasks and the noise conditions. In particular, speech produced in no 
noise received approximately a 4% higher sound quality rating during the SIT 
task compared to the conversation task; whereas, speech produced in the 65 
dB SPL multi-talker noise condition received less than a 1% higher sound 
quality rating during the conversation task compared to the SIT task. 
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The results of this study revealed that the type of device used significantly 
affected the sound quality rating for the speech output, with 16 out of 28 pairs of 
device types reaching significance. The hierarchy of device types according to 
sound quality beginning with the best sound quality is as follows: 1) BoomVox, 
2) Oticon, 3) Voicette, 4) ChatterVox, 5) SoniVox, 6) ADDvox, 7) no device, and 8) 
Spokeman. The BoomVox speech output received approximately a 22% higher 
sound quality rating on average than the Spokeman; whereas, the speech from 
the no device condition received only approximately a 1% higher sound quality 
rating than the output from the Spokeman on average. The results of this study 
reveal that the PD and control groups received a similar pattern of sound quality 
ratings across the device types. 
The results of this study reveal that the speech tasks (SIT reading versus 
conversation) were associated with the same pattern of sound quality ratings 
across the device conditions. 
The noise condition was associated with a significantly different pattern of 
sound quality ratings across the device types. The significant noise by device 
interaction appears to be related to the differential effects of the noise conditions 
on the sound quality ratings of two device types: the ChatterVox and the no 
device condition. The sound quality score of the ChatterVox increased from the 
second lowest in the no noise condition to the third highest in the multi-talker 
noise condition; whereas, the no device condition decreased from the third 
lowest sound quality score in no noise to the lowest score in the multi-talker 
noise condition. All of the other devices either remained in the same position or 
only shifted by one position in the pattern of average sound quality scores. 
The results of this study reveal that the pattern (device hierarchy) seen in 
the non-significant speaker group by speech task interaction is similar to that of 
the non-significant speaker group by noise condition interaction, and the pattern 
seen in the non-significant speaker group by device type interaction is similar to 
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that of the non-significant speech task by device type interaction. Also, the 
pattern seen in the non-significant speaker group by device type interaction is 
similar to that of the significant noise condition by device type interaction, and 
the pattern seen in the non-significant speech task by device type interaction is 
similar to that of the significant noise condition by device type interaction. The 
interaction results suggest that the device hierarchy remained fairly consistent 
across speech tasks, noise conditions, device types, and participant groups. All 
three-way interactions, i.e., group/task/noise, group/task/device, 
group/noise/device, and noise/task/device, and the four-way interaction for 
group/task/noise/device were not significant. 
Overall, the device hierarchy related to sound quality scores remained 
fairly stable across experimental conditions. The BoomVox consistently received 
the highest sound quality ratings, followed by the Oticon. The most common 
positions in the hierarchy for the remaining devices were as follows: 3) Voicette, 
4) ChatterVox, 5) SoniVox, 6) ADDvox, 7) no device, and 8) Spokeman. These 
devices shifted up or down in the hierarchy by one position for one or two 
conditions. The ChatterVox shifted down three positions in the no noise 
condition, but was within 2% of the devices that received the three next higher 
ratings in that condition. 
4.5.1 Secondary analysis of sound quality.  
The results of this part of the study reveal that the type of device used 
significantly affected the sound quality for the speech output for the Parkinson’s 
speaker group during the conversation task in the multi-talker background noise, 
with 15 out of 28 pairs of device types reaching significance. The hierarchy of 
device types according to sound quality beginning with the best sound quality is 
as follows: 1) BoomVox, 2) Voicette, 3) Oticon, 4) ChatterVox, 5) SoniVox, 6) 
ADDvox, 7) Spokeman, and 8) no device. The BoomVox speech output received 
approximately a 28% higher sound quality rating on average than the no device 
	  	   	  
206 
condition; whereas, the Spokeman speech output received only approximately a 
6% higher sound quality rating than the speech from the no device condition. 
4.6 Tentative recommendations. 
Although the present study found some variations in the device hierarchy 
across the outcome measures assessed, a tentative hierarchy of 
recommendation for device prescription will be described. This recommendation 
captures an overview of the individually identified hierarchies, but it should be 
viewed as a hypothesis that requires verification with additional research. 
 The BoomVox is the highest recommended device based on its outcome 
measures surpassing those of all other devices and on receiving generally good 
experience scores. The loudspeaker component of the device makes it the 
largest and heaviest device, but the FM technology obviates the need for 
portability in most circumstances. The ChatterVox is recommended over the 
Oticon, even though their outcome measures were similarly high across 
conditions, because of the higher experience ratings associated with the 
ChatterVox. Although the Spokeman received the highest experience ratings, it 
is the fourth most recommended device because of inconsistencies in 
performance across outcome measures. The Voicette consistently received the 
lowest ratings according to speakers’ experience with the device, which offset 
its consistently high performance outcome scores. The users’ confidence in and 
comfort with the device may have been diminished by use of the handheld 
microphone. In addition, because the handheld microphone raises concerns 
about user fatigue, a headset microphone may be recommended, but this 
requires additional testing with the headset microphone to confirm that outcome 
measures are consistent with those obtained in this study. Neither the SoniVox 
nor the ADDvox are highly recommended based on the results of this study. 
However, the experience ratings and outcome measures associated with 
ADDvox were consistently lower than those of the SoniVox.	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Chapter 5 
5  Strengths and Limitations 
This chapter will discuss the strengths and limitations of this study, 
directions for future research, and clinical applications. Subsequently, a final 
summary of this research will be provided. 
5.1 Strengths.  
Previous studies investigating the effectiveness of speech amplification 
devices have compared a limited number of device conditions and outcome 
measures. The present study is the first to systematically examine the 
effectiveness of a broad range of different device types. In addition, this study 
incorporated a variety of outcome measures, including speaker preference, 
speech intensity, speech-to-noise ratio, speech intelligibility, and sound quality, 
while being the first study to simultaneously collect data on speakers’ 
experience and device preference. The present study also investigated 
specifically the most ecologically-valid speech contexts and noise conditions 
(conversation in multi-talker noise) to capture relevant outcome measures. 
5.2 Limitations.  
There were two potential limitations of this study related to participant 
groups. The first potential limitation is the unequal representation of men and 
women in the PD and listener participant groups. The control speaker group had 
a roughly equal representation with 4 men and 6 women, but the PD speaker 
group was comprised of 10 men and only 1 woman and the listener group was 
comprised of 9 women and 1 man. Sex differences may have influenced 
speakers’ outcome measures and listeners’ judgment ratings. Second, there 
were a relatively small number of speaker participants in the control (n = 10) and 
PD (n = 11) speaker groups. Individual differences may have caused increased 
variability in the results. Recruitment and inclusion of a greater number of 
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speakers may have increased the power to detect significant effects and may 
have made significant findings more consistent and definitive. In consideration of 
the small number of participants included in this study, the power to detect 
significant differences may have been reduced further given the large number of 
outcome measures assessed. 
A possible methodological limitation of this study is that speaker 
participants remained seated while using the speech amplification devices. In 
typical use, devices are worn while standing and walking in addition to sitting. 
These constraints on movement may have influenced outcome measures. These 
additional device use conditions were not incorporated into the protocol in order 
to standardize the device use as additional positioning and movements may 
have posed a difficulty in maintaining consistency in the device recording and 
background noise setup, e.g., stationary loudspeakers were set at a constant 
distance.  
Another limitation related to the experimental protocol was that speakers 
rated their experience with each device after using it for only a short period of 
time (approximately 2–3 minutes total). Block randomization was used in the 
study design to ensure participants had an uninterrupted experience with each 
device and questionnaires were administered immediately after device use. 
However, the tendency for superficial and aesthetic aspects of the device to 
appear to influence overall preference may be attributed to the limited timeframe 
in which they had to test the device for functional aspects that would be more 
salient with increased use.  
A limitation of acoustic data collection was that many speech samples 
may have dropped below the noise during the 65 dB SPL multi-talker noise 
condition, but they would have been measured as having a speech intensity 
equivalent to the noise. This would have the effect of inflating the intensity 
values for the no device condition. One potential way to verify this would be to 
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measure speech intensity values from the microphone at the closer (1.5 m) 
distance. In addition, SNR is most accurately measured when there is an 
adequate noise level. In the present study, the no noise condition is associated 
with a fairly low level of ambient noise (less than 45 dB SPL) and due to the 
sensitivity limitations (dynamic range) of the microphone it is difficult to obtain an 
accurate measure of the ambient noise. However, the inclusion of the pure 
speech intensity values allows for the preservation of a high level of accuracy for 
the acoustic data for the no noise condition. 
There were also limitations associated with the listeners’ perceptual 
judgments of sound quality. First, if the speech signal could not be identified 
above the background noise in the multi-talker noise conditions, the sound 
quality of the signal could not be accurately judged, which may have had the 
effect of decreasing the sound quality scores in the multi-talker noise condition. 
Second, the discrepancy in sound quality ratings between the PD and control 
speaker group suggests that listeners may have been influenced by speech 
disorder severity rather than reporting their perception of solely the electronic 
aspects of the sound quality.  
5.3 Future directions.  
This study provides a novel framework for device efficacy research in PD. 
In comparing the efficacy of device use for individuals with PD, it would be 
beneficial to analyze outcome measures by comparing the no device condition 
to an average of all device conditions. This type of analysis would enable a 
better understanding of the extent to which amplified speech of individuals with 
PD compares to unamplified speech of age-matched controls.  
For further research investigating sound quality between devices types, 
researchers may consider applying a digital intensity equalization procedure to 
all speech samples to remove potential effects from amplification or intensity 
differences. Additional studies could also examine the effect of background 
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noise on the sound quality ratings by using audio mixing procedures to 
systematically introduce different levels of noise into the speech samples. 
Future studies should focus on either increasing the number of 
participants or focusing in on a reduced number of devices for comparison in 
order to increase power to detect significant effects. Another possibility would 
be for researchers to experiment with different permutations of microphones 
with different devices types. Moreover, in addition to conversation speech tasks 
and multi-talker background noise conditions, researchers may consider 
incorporating a variety of device use positioning and movements to increase 
ecological validity, e.g., device use while standing and walking.  
Most importantly, future studies should investigate factors affecting long-
term compliance with various devices to assess the influence of an individual’s 
initial preference compared to the effectiveness of the device as demonstrated 
in outcome measures.  
5.4 Clinical implications.  
The results from this study may provide insights for clinical practice. 
These results suggest that device prescription based on patient preference and 
comfort may not accurately predict device performance or effectiveness. It is 
suggested that SLPs consider exploring device options that optimize 
effectiveness while also considering aesthetic qualities of comfort and size. In 
addition, SLPs may consider ensuring patients have ample time to determine an 
accurate and appropriate device preference by testing the device in noisy 
environments, especially before using patient preference as the basis for 
prescription.  
The ChatterVox is currently the most frequently prescribed device and in 
this study was shown to be one of the most preferred devices. In this case, 
device prescription based on preference may not result in unsuccessful device 
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placement considering the results of this study demonstrated that the 
ChatterVox was associated with fairly consistently positive outcome measures 
that surpassed most of the other devices compared. However, future research is 
needed to determine performance and preference measures that will predict 
long-term amplification device acceptance in PD. 
5.5 Summary. 
The purpose of this study was to examine the effect of speech tasks, 
background noise levels, and selected speech amplification devices for 11 PD 
and 10 control participants, using outcome measures of speech intensity, SNR, 
intelligibility, and sound quality. These outcome measures were compared to 
speaker experience and preference ratings since patient preference has been 
reported as the primary basis for device prescription. In addition, device 
performance was analyzed specifically in PD participants conversing in the 
multi-talker noise in order to focus on the conditions that were judged to have 
the highest degree of ecological validity. 
According to the outcome measures addressed in this study, the 
BoomVox received the highest scores overall. In particular, the BoomVox had 
the highest scores for speech intensity, SNR, intelligibility ratings, intelligibility 
transcriptions, and sound quality. The BoomVox also received the highest 
scores for these outcome measures when it was evaluated in the most 
ecologically valid context involving the PD participants conversing in the 65 dB 
SPL of multi-talker noise. Interestingly, the device preference ratings given by 
the PD participants did not produce the highest scores for the BoomVox. The 
PD participants rated the BoomVox second highest for power and sound quality, 
third highest for comfort and visual appearance, and fourth highest for overall 
preference. These results for the BoomVox provide an interesting example of the 
potential discrepancy between performance-based, outcome measures and 
preference-based, participant ratings in the evaluation of amplification devices.   
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The ChatterVox was consistently in the top four highest positions in the 
device hierarchy for all outcome measures. In the context of the PD participants 
conversing in noise, the outcome measures for the ChatterVox were second 
highest for intensity, third highest for SNR and fourth highest for intelligibility and 
sound quality. In contrast, the preference ratings by the PD participants placed 
the ChatterVox the sixth highest for comfort, fifth highest for appearance, the 
highest for power and sound quality, and second highest for overall preference. 
These results for the ChatterVox provide another interesting example of the 
potential discrepancy between performance-based, outcome measures and 
preference-based, participant ratings in the evaluation of amplification devices.  
At the other end of the device hierarchy, the Voicette received the lowest 
speaker preference score, but achieved second or third highest place in the 
device hierarchy for all outcome measures. Conversely, the speakers rated the 
Spokeman highest for overall preference despite the Spokeman generally falling 
into the lowest four positions on the device hierarchy for all outcome measures.  
Overall, it appears that speaker preference ratings may not predict 
performance-based outcome measures for most devices, and future research is 
needed to determine performance and preference measures that will predict 
long-term amplification device acceptance in PD. 
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Appendix B. Script for Classroom Recruitment 
 
	  
 
 
Page%1%of%1%
%
Script for Classroom Recruitment 
 
Hello, my name is Monika Andreetta, and I am in the Health and Rehabilitation Sciences 
graduate program at Western University. I am here today to talk to you about a research study 
investigating the effectiveness of speech amplification devices for individuals with Parkinson’s 
disease and hypophonia, which is being conducted under the supervision of Dr. Scott Adams.   
I am currently recruiting participants between the ages of 18 and 30, whose first language is 
English, and who have no history of language, neurological or hearing impairments. Briefly, the 
study involves transcribing text from pre-recorded speech samples and rating how 
understandable, natural, pleasant, and clear you perceived the speech from those samples to be. 
Participation in this study can be completed within a single 60-minute visit to Dr. Adams’ lab 
located in Elborn College, room 2212.  
Participation in this study is completely voluntary and confidential and will not affect your 
course evaluation or grades in any way. I will conduct the hearing assessment and all listening 
tasks, and Dr. Adams will be unaware of your participation until after final grades have been 
assigned.  
If you are interested in participating or have any questions, please email me at mschel@uwo.ca.  
Thank you for your time and consideration. 
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Page 1 of 4! Version!Date:!08/20/2012! Participant!Initials!______!
Project Title:  
A Comparison of Speech Amplification Devices for Individuals with Parkinson’s Disease and 
Hypophonia 
 
Principal Investigator: 
Scott Adams, PhD 
Professor 
School of Communication Sciences and Disorders; Clinical Neurological Sciences 
Western University 
Tel: 519-661-2111 ext. 88941 
 
Co-Investigators: 
Dr. Mandar Jog, MD, FRCPC 
Director  
Movement Disorders Program; Clinical Neurological Sciences 
London Health Science Centre, University Campus, and Western University 
 
Allyson Dykstra, PhD  
Assistant Professor 
School of Communication Sciences and Disorders 
Western University 
 
Monika Andreetta, MSc Candidate  
Health and Rehabilitation Sciences 
Western University 
Supervisor: Dr. Scott Adams 
 
Letter of Information for Control Speakers 
 
1. Invitation to Participate 
 
You are invited to participate in this research study investigating the effectiveness of 
speech amplification devices for individuals with Parkinson’s disease (PD) and 
hypophonia (reduced speech volume) because you have not been diagnosed with 
idiopathic PD and hypophonia. 
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2. Purpose of the Letter 
 
The purpose of this letter is to provide you with information required for you to make an 
informed decision regarding participation in this research.  
 
3. Purpose of this Study 
 
The purpose of this research study is to investigate the effect of speech tasks (i.e., reading 
aloud versus conversation), background noise, and interlocutor distance (distance 
between speakers) on the performance of selected speech amplification devices by 
comparing the speech of participants with idiopathic PD and hypophonia to the speech of 
healthy, age-matched control participants. Device performance will be assessed in terms 
of acoustic measures, intelligibility scores, and both speaker and listener perceptual 
judgements. 
 
4. Inclusion Criteria 
 
To be eligible to participate in this study, individuals must be between 50 and 80 years 
old, be in good general health, and speak English as their first language. 
 
5. Exclusion Criteria 
 
Individuals who have any signs and symptoms of PD, a history of stroke, or a history of 
hearing, speech, language, or cognitive impairment are not eligible to participate as 
control subjects in this study. 
 
6. Study Procedures 
 
If you agree to participate, you will first be asked to take a basic hearing screening test, to 
provide your age as well as general information about your medical, speech and hearing, 
and neurological history, and to rate how often and how effectively you communicate. 
The study involves using seven speech amplification devices while reading aloud and 
conversing in various background noise levels, and rating your experience with each 
device. During these tasks, you will be asked to wear a headset microphone that will 
record your speech on a computer. It is anticipated that the entire experiment will take 
approximately 2 hours over one session. The tasks will be conducted in Dr. Scott Adams’ 
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lab, which is located in Elborn College, room 2212. There will be a total of 10 
individuals with PD, 10 age-matched healthy control speakers, 10 PD participants’ 
spouses or primary caregivers, and 10 naïve listeners participating in this study. 
 
7. Possible Risks and Harms 
 
There are no known or anticipated risks associated with participation in this study. The 
experiment will be conducted in a safe, hygienic, university lab with adequate lighting 
and ventilation. The equipment (speech amplification devices, headset microphones, and 
chair) will be adjusted to your comfort level. The experimental procedures will require 
minimal physical effort. To counteract any fatigue you may experience over the 
experiment’s duration, you will be given rest breaks at approximately ten-minute 
intervals or more frequently if requested. The only time discomfort may arise is when 
you are speaking during multi-talker background noise, which may cause some feelings 
of frustration or irritation. The background noise levels used in this study are 65 and 75 
dB SPL, which are not excessive levels and will not cause hearing damage (65 dB SPL is 
comparable to moderate cafeteria noise, and 75 dB SPL is comparable to busy traffic 
noise). 
 
8. Possible Benefits  
 
The potential benefit to control participants is that experience with different speech 
amplification devices under various conditions may enable them to make more informed 
decisions regarding their own preventative treatment options. The potential benefits to 
society include the improvement of speech amplification device prescription, the 
development of more effective speech amplification devices, and a framework for future 
efficacy research in PD. Additionally, the results from the control subjects may provide 
useful information for individuals who require an effective speech amplification device to 
prevent the development of a voice disorder, e.g., teachers. 
 
9. Compensation 
 
You will not be compensated for your participation in this study. However, on-site 
parking will be complimentary on the day of participation regardless of whether you 
complete the study. A free daily visitor’s parking pass will be provided to you upon your 
arrival to the Elborn College parking lot. 
	  	   	  
223 
	  	   	  
!
Page 4 of 4! Version!Date:!08/20/2012! Participant!Initials!______!
10. Voluntary Participation 
 
Participation in this study is voluntary. You may refuse to participate, refuse to answer 
any questions or withdraw from the study at any time with no effect on your future 
treatment or medical care. 
 
11. Confidentiality 
 
All data collected will remain confidential. Your name and any identifying information 
will be collected separately from the data. All data collected with no personal identifiers 
will be retained indefinitely. If you choose to withdraw from this study, your data will be 
immediately removed and destroyed from our database. Our research records will be 
locked in a cabinet in the principal investigator’s secure lab in Elborn College, University 
of Western Ontario. Only members of the research team will review the identified audio 
recordings. Listener participants will make perceptual ratings from de-identified audio 
recordings. All other data collected will remain accessible only to the investigators of this 
study. Representatives of The University of Western Ontario Health Sciences Research 
Ethics Board may contact you or require access to your study-related records to monitor 
the conduct of the research. 
 
12. Contacts for Further Information 
 
If you require any further information regarding this research project or your participation 
in the study, you may contact Dr. Scott Adams at (519) 661-2111 ext. 88941 and 
sadams@uwo.ca or Monika Andreetta at mschel@uwo.ca.  If you have any questions 
about your rights as a research participant or the conduct of this study, you may contact 
The Office of Research Ethics at (519) 661-3036 and ethics@uwo.ca.  
 
13. Publication 
 
If the results of the study are published, your name will not be used and no information 
that discloses your identity will be released or published. If you would like to receive a 
copy of any potential study results, please contact Dr. Scott Adams or Monika Andreetta.  
 
This letter is yours to keep for future reference.  
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Project Title:  
A Comparison of Speech Amplification Devices for Individuals with Parkinson’s Disease and 
Hypophonia 
 
Principal Investigator: 
Scott Adams, PhD 
Professor 
School of Communication Sciences and Disorders; Clinical Neurological Sciences 
Western University 
Tel: 519-661-2111 ext. 88941 
 
Co-Investigators: 
Dr. Mandar Jog, MD, FRCPC 
Director 
Movement Disorders Program; Clinical Neurological Sciences 
London Health Science Centre, University Campus, and Western University 
 
Allyson Dykstra, PhD  
Assistant Professor 
School of Communication Sciences and Disorders 
Western University 
 
Monika Andreetta, MSc Candidate  
Health and Rehabilitation Sciences 
Western University 
Supervisor: Dr. Scott Adams 
 
Letter of Information for Speakers with PD 
 
1. Invitation to Participate 
 
You are invited to participate in this research study investigating the effectiveness of 
speech amplification devices for individuals with Parkinson’s disease (PD) and 
hypophonia (reduced speech volume) because you have been diagnosed with idiopathic 
PD and hypophonia. 
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2. Purpose of the Letter 
 
The purpose of this letter is to provide you with information required for you to make an 
informed decision regarding participation in this research.  
 
3. Purpose of this Study 
 
The purpose of this research study is to investigate the effect of speech tasks (i.e., reading 
aloud versus conversation), background noise, and interlocutor distance (distance 
between speakers) on the performance of selected speech amplification devices by 
comparing the speech of participants with idiopathic PD and hypophonia to the speech of 
healthy, age-matched control participants. Device performance will be assessed in terms 
of acoustic measures, intelligibility scores, and both speaker and listener perceptual 
judgements. 
 
4. Inclusion Criteria 
 
To be eligible to participate as a PD subject in this study, individuals must have been 
diagnosed with idiopathic PD at least six months ago, be stabilized on antiparkinsonian 
medication, and exhibit mild to moderate signs and symptoms of PD and hypophonia. 
Additionally, individuals must be between 50 and 80 years old, be in good general health, 
and speak English as their first language. 
 
5. Exclusion Criteria 
 
Individuals who have a severe signs and symptoms of PD, a history of stroke or an 
additional neurological or motor control disorder, or a history of cognitive, hearing, 
language, or speech impairment (that is unrelated to PD) are not eligible to participate in 
this study. Additionally, individuals who are unable to pass a basic hearing screening test 
and cognitive test or who have received speech therapy within the past twelve months 
will be ineligible to participate. 
 
6. Study Procedures 
 
If you agree to participate, you will first be asked to take basic hearing and cognitive 
screening tests, to provide your age as well as general information about your medical, 
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speech and hearing, and neurological history, and to rate your communication 
effectiveness and frequency and the impact of your voice disorder on daily activities. The 
study involves using seven speech amplification devices while reading aloud and 
conversing in varying levels of background noise, and rating your expectations and 
experience with each device on questionnaires. During these tasks, you will be asked to 
wear a headset microphone that will record your speech on a computer. It is anticipated 
that the entire experiment will take approximately 2 hours over one session. The tasks 
will be conducted in Dr. Scott Adams’ lab, which is located in Elborn College, room 
2212. There will be a total of 10 speakers with PD, 10 spouses or primary caregivers of 
the individuals with PD, 10 age-matched healthy control speakers, and 10 naïve listeners 
participating in this study. 
 
7. Possible Risks and Harms 
 
There are no known or anticipated risks associated with participation in this study. The 
experiment will be conducted in a safe, hygienic, university lab with adequate lighting 
and ventilation. The equipment (speech amplification devices, headset microphones, 
chair) will be adjusted to your comfort level. The experimental procedures will require 
very minimal physical effort. To help counteract any fatigue you may experience through 
the duration of the experiment, you will be given rest breaks at approximately ten-minute 
intervals or more frequently if requested. The only time discomfort may arise is when 
you are asked to speak during multi-talker background noise, which may cause some 
feelings of frustration or irritation. The levels of background noise used in this study are 
65 and 75 dB SPL, which are not excessive levels and will not cause hearing damage (65 
dB SPL is comparable to moderate cafeteria noise, and 75 dB SPL is comparable to busy 
traffic noise). 
 
8. Possible Benefits  
 
The potential benefit to participants with PD is that experience with different speech 
amplification devices under various conditions may enable them to make more informed 
decisions regarding their own treatment options for hypophonia. The potential benefits to 
society include the improvement of speech amplification device prescription, the 
development of more effective speech amplification devices, and a framework for future 
efficacy research in PD. Additionally, the results from the control subjects may provide 
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useful information for individuals who require an effective speech amplification device to 
prevent the development of a voice disorder, e.g., teachers. 
 
9. Compensation 
 
You will not be compensated for your participation in this study. However, on-site 
parking will be complimentary on the day of participation regardless of whether you 
complete the study. A free daily visitor’s parking pass will be provided to you upon your 
arrival to the Elborn College parking lot. 
 
10. Voluntary Participation 
 
Participation in this study is voluntary. You may refuse to participate, refuse to answer 
any questions or withdraw from the study at any time with no effect on your future 
treatment or medical care. 
 
11. Confidentiality 
 
All data collected will remain confidential. Your name and any identifying information 
will be collected separately from the data. All data collected with no personal identifiers 
will be retained indefinitely. If you choose to withdraw from this study, your data will be 
immediately removed and destroyed from our database. Our research records will be 
locked in a cabinet in the principal investigator’s secure lab in Elborn College, University 
of Western Ontario. Only members of the research team will review the identified audio 
recordings. Listener participants will make perceptual ratings from de-identified audio 
recordings. All other data collected will remain accessible only to the investigators of this 
study. Representatives of The University of Western Ontario Health Sciences Research 
Ethics Board may contact you or require access to your study-related records to monitor 
the conduct of the research. 
 
12. Contacts for Further Information 
 
If you require any further information regarding this research project or your participation 
in the study, you may contact Dr. Scott Adams at (519) 661-2111 ext. 88941 and 
sadams@uwo.ca or Monika Andreetta at mschel@uwo.ca.   
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If you have any questions about your rights as a research participant or the conduct of this 
study, you may contact Dr. David Hill, Scientific Director, Lawson Health Research 
Institute at (519) 667-6649.  
 
13. Publication 
 
If the results of the study are published, your name will not be used and no information 
that discloses your identity will be released or published. If you would like to receive a 
copy of any potential study results, please contact Dr. Scott Adams or Monika Andreetta.  
 
 
 
This letter is yours to keep for future reference.  
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Project Title:  
A Comparison of Speech Amplification Devices for Individuals with Parkinson’s Disease and 
Hypophonia 
 
Principal Investigator: 
Scott Adams, PhD 
Professor 
School of Communication Sciences and Disorders; Clinical Neurological Sciences 
Western University 
Tel: 519-661-2111 ext. 88941 
 
Co-Investigators: 
Dr. Mandar Jog, MD, FRCPC 
Director  
Movement Disorders Program; Clinical Neurological Sciences 
London Health Science Centre, University Campus, and Western University 
 
Allyson Dykstra, PhD  
Assistant Professor 
School of Communication Sciences and Disorders 
Western University 
 
Monika Andreetta, MSc Candidate  
Health and Rehabilitation Sciences 
Western University 
Supervisor: Dr. Scott Adams 
 
Letter of Information for Spouses and Primary Caregivers 
 
1. Invitation to Participate 
 
You are invited to participate in this research study investigating the effectiveness of 
speech amplification devices for individuals with Parkinson’s disease (PD) and 
hypophonia (reduced speech volume) because you are the spouse or primary caregiver to 
an individual who has been diagnosed with idiopathic PD and hypophonia. 
 
	  	   	  
230 
	  	   	  
!
Page 2 of 4! Version!Date:!08/20/2012! Participant!Initials!______!
2. Purpose of the Letter 
 
The purpose of this letter is to provide you with information required for you to make an 
informed decision regarding participation in this research.  
 
3. Purpose of this Study 
 
The purpose of this research study is to investigate the effect of speech tasks (i.e., reading 
aloud versus conversation), background noise, and interlocutor distance (distance 
between speakers) on the performance of selected speech amplification devices by 
comparing the speech of participants with idiopathic PD and hypophonia to the speech of 
healthy, age-matched control participants. Device performance will be assessed in terms 
of acoustic measures, intelligibility scores, and both speaker and listener perceptual 
judgements. 
 
4. Inclusion Criteria 
 
To be eligible to participate in this study, individuals must be between 18 and 80 years 
old and speak English as their first language. 
 
5. Exclusion Criteria 
 
Individuals who have a history of hearing, language, or cognitive impairment are not 
eligible to participate in this study.  
 
6. Study Procedures 
 
If you agree to participate, you will first be asked to provide your age as well as general 
information about your medical, hearing, and neurological history. The study involves 
completing a questionnaire about the communicative effectiveness of the individual with 
PD in various situations. It is anticipated that the entire experiment will take 
approximately 10 minutes to complete over one session. The experiment will be 
conducted in Dr. Scott Adams’ lab, which is located in Elborn College, room 2212. There 
will be a total of 10 speakers with PD, 10 spouses or primary caregivers of the 
individuals with PD, 10 age-matched healthy control speakers, and 10 naïve listeners 
participating in this study. 
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7. Possible Risks and Harms 
 
There are no known or anticipated risks or discomforts associated with participation in 
this study. The experiment will be conducted in a safe, hygienic, university lab with 
adequate lighting and ventilation. The experimental procedures will require very minimal 
physical effort, and you will be seated in a comfortable chair. 
 
8. Possible Benefits  
 
There is no direct benefit to participation in this study. However, the potential benefits to 
society include the improvement of speech amplification device prescription, the 
development of more effective speech amplification devices, and a framework for future 
efficacy research in PD. Additionally, the results from the control subjects may provide 
useful information for individuals who require an effective speech amplification device to 
prevent the development of a voice disorder, e.g., teachers. 
 
9. Compensation 
 
You will not be compensated for your participation in this study. However, on-site 
parking will be complimentary on the day of participation regardless of whether you 
complete the study. A free daily visitor’s parking pass will be provided to you upon your 
arrival to the Elborn College parking lot. 
 
10. Voluntary Participation 
 
Participation in this study is voluntary. You may refuse to participate, refuse to answer 
any questions or withdraw from the study at any time with no effect on your future 
treatment or medical care. 
 
11. Confidentiality 
 
All data collected will remain confidential and accessible only to the investigators of this 
study. Your name and any identifying information will be collected separately from the 
data. All data collected with no personal identifiers will be retained indefinitely. If you 
choose to withdraw from this study, your data will be immediately removed and 
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destroyed from our database. Our research records will be locked in a cabinet in the 
principal investigator’s secure lab in Elborn College, University of Western Ontario. 
Representatives of The University of Western Ontario Health Sciences Research Ethics 
Board may contact you or require access to your study-related records to monitor the 
conduct of the research. 
 
12. Contacts for Further Information 
 
If you require any further information regarding this research project or your participation 
in the study, you may contact Dr. Scott Adams at (519) 661-2111 ext. 88941 and 
sadams@uwo.ca or Monika Andreetta at mschel@uwo.ca.   
 
If you have any questions about your rights as a research participant or the conduct of this 
study, you may contact The Office of Research Ethics at (519) 661-3036 and 
ethics@uwo.ca.  
 
13. Publication 
 
If the results of the study are published, your name will not be used and no information 
that discloses your identity will be released or published. If you would like to receive a 
copy of any potential study results, please contact Dr. Scott Adams or Monika Andreetta.  
 
 
 
 
 
This letter is yours to keep for future reference.  
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Project Title:  
A Comparison of Speech Amplification Devices for Individuals with Parkinson’s Disease and 
Hypophonia 
 
Principal Investigator: 
Scott Adams, PhD 
Professor 
School of Communication Sciences and Disorders; Clinical Neurological Sciences 
Western University 
Tel: 519-661-2111 ext. 88941 
 
Co-Investigators: 
Dr. Mandar Jog, MD, FRCPC 
Director  
Movement Disorders Program; Clinical Neurological Sciences 
London Health Science Centre, University Campus, and Western University 
 
Allyson Dykstra, PhD  
Assistant Professor 
School of Communication Sciences and Disorders 
Western University 
 
Monika Andreetta, MSc Candidate  
Health and Rehabilitation Sciences 
Western University 
Supervisor: Dr. Scott Adams 
 
Letter of Information for Listeners 
 
1. Invitation to Participate 
 
You are invited to participate in this research study investigating the effectiveness of 
speech amplification devices for individuals with Parkinson’s disease (PD) and 
hypophonia (reduced speech volume) because you have normal hearing ability and 
English is your first language. 
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2. Purpose of the Letter 
 
The purpose of this letter is to provide you with information required for you to make an 
informed decision regarding participation in this research.  
 
3. Purpose of this Study 
 
The purpose of this research study is to investigate the effect of speech tasks (i.e., reading 
aloud versus conversation), background noise, and interlocutor distance (distance 
between speakers) on the performance of selected speech amplification devices by 
comparing the speech of participants with idiopathic PD and hypophonia to the speech of 
healthy, age-matched control participants. Device performance will be assessed in terms 
of acoustic measures, intelligibility scores, and both speaker and listener perceptual 
judgements. 
 
4. Inclusion Criteria 
 
To be eligible to participate as a listener in this study, individuals must be between 18 
and 30 years old, have normal hearing ability, and speak English as their first language. 
 
5. Exclusion Criteria 
 
Individuals who have a history of hearing, language, or cognitive impairment or who are 
unable to pass a 40 dB hearing screening test are not eligible to participate in this study. 
Additionally, individuals will be excluded from the study if they have extensive research 
or clinical experience with individuals with PD or if they are familiar with the 
participants from either speaker group in the current study. 
 
6. Study Procedures 
 
If you agree to participate, you will first be asked to take a basic hearing screening test 
and to provide your age as well as general information about your medical, speech and 
hearing, and neurological history. The study involves listening to pre-recorded speech 
samples and transcribing the words and sentences you hear orthographically on numbered 
forms. Participants will also be asked to rate the audio samples heard in terms of sound 
quality, intelligibility, overall preference, etc. It is anticipated that the entire experiment 
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will take approximately 60 minutes to complete over one session. The tasks will be 
conducted in Dr. Scott Adams’ lab, which is located in Elborn College, room 2212. There 
will be a total of 10 speakers with PD, 10 spouses or primary caregivers of the 
individuals with PD, 10 age-matched healthy control speakers, and 10 naïve listeners 
participating in this study. 
 
7. Possible Risks and Harms 
 
There are no known or anticipated risks or discomforts associated with participation in 
this study. The experiment will be conducted in a safe, hygienic, university lab with 
adequate lighting and ventilation. The experimental procedures will require very minimal 
physical effort, and you will be seated in a comfortable chair and given rest breaks at 
approximately ten-minute intervals or more frequently if requested. 
 
8. Possible Benefits  
 
There is no direct benefit to participation in this study. However, the potential benefits to 
society include the improvement of speech amplification device prescription, the 
development of more effective speech amplification devices, and a framework for future 
efficacy research in PD. Additionally, the results from the control subjects may provide 
useful information for individuals who require an effective speech amplification device to 
prevent the development of a voice disorder, e.g., teachers. 
 
9. Compensation 
 
You will not be compensated for your participation in this study. However, on-site 
parking will be complimentary on the day of participation regardless of whether you 
complete the study. A free daily visitor’s parking pass will be provided to you upon your 
arrival to the Elborn College parking lot. 
 
10. Voluntary Participation 
 
Participation in this study is voluntary. You may refuse to participate, refuse to answer 
any questions or withdraw from the study at any time with no effect on your academic 
status, course evaluation, or grades in any way. The principal investigator, Scott Adams, 
will be unaware of your participation until after final grades have been assigned. To 
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ensure that Dr. Adams remains blind to your participation, one of the co-investigators, 
Monika Andreetta, will conduct the hearing assessment and all of the listening tasks.  
 
11. Confidentiality 
 
All data collected will remain confidential and accessible only to the investigators of this 
study. Your name and any identifying information will be collected separately from the 
data. All data collected with no personal identifiers will be retained indefinitely. If you 
choose to withdraw from this study, your data will be removed and destroyed from our 
database. Our research records will be locked in a cabinet in the principal investigator’s 
secure lab in Elborn College, University of Western Ontario. Representatives of The 
University of Western Ontario Health Sciences Research Ethics Board may contact you 
or require access to your study-related records to monitor the conduct of the research. 
 
12. Contacts for Further Information 
 
If you require any further information regarding this research project or your participation 
in the study, you may contact Dr. Scott Adams at (519) 661-2111 ext. 88941 and 
sadams@uwo.ca or Monika Andreetta at mschel@uwo.ca.   
 
If you have any questions about your rights as a research participant or the conduct of this 
study, you may contact The Office of Research Ethics at (519) 661-3036 and 
ethics@uwo.ca.  
 
13. Publication 
 
If the results of the study are published, your name will not be used and no information 
that discloses your identity will be released or published. If you would like to receive a 
copy of any potential study results, please contact Dr. Scott Adams or Monika Andreetta.  
 
 
 
This letter is yours to keep for future reference.  
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Consent Form 
Project Title:  
A Comparison of Speech Amplification Devices for Individuals with Parkinson’s Disease 
and Hypophonia 
 
Principal Investigator: 
Scott Adams, PhD 
Professor 
School of Communication Sciences and Disorders; Clinical Neurological Sciences 
Western University 
Tel: 519-661-2111 ext. 88941 
 
Co-Investigators: 
Dr. Mandar Jog, MD, FRCPC 
Director  
Movement Disorders Program; Clinical Neurological Sciences 
London Health Science Centre, University Campus, and Western University 
 
Allyson Dykstra, PhD  
Assistant Professor 
School of Communication Sciences and Disorders  
Western University 
 
Monika Andreetta, MSc Candidate  
Health and Rehabilitation Sciences, Western University 
Supervisor: Dr. Scott Adams 
 
I have read the Letter of Information and have had the nature of the study explained to me, 
and I agree to participate. All questions have been answered to my satisfaction. 
 
_________________________________________________________________________ 
Signature of Research Participant   Printed Name   Date  
 
 
Signature of Person Obtaining Informed Consent Printed Name   Date 
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Participant Group: PD  □                  Control  □                  Communication Partner  □                 Listener  □ 
!
Date:!___________________________! ! Investigator:!_____________________!
A Comparison of Speech Amplification Devices for Individuals with Parkinson’s Disease 
and Hypophonia 
Section 1: Demographic Information 
Unique ID: _______________________ Gender: M □   F □ Language: ______________ 
Age: ____ Occupation: ______________________________________________________  
Section 2: Hearing Screening Results 
Hearing Threshold:    
 Right (RED*) Left 
500 Hz   
1000 Hz   
2000 Hz   
4000 Hz   
 
Section 3: History of Speech, Language, Hearing, and Neurological Impairment 
Have you ever been diagnosed with a speech impairment?  Yes  □          No  □ 
 If yes, please indicate the diagnosis: ______________________________________ 
Have you ever been diagnosed with a language impairment?  Yes  □          No  □ 
 If yes, please indicate the diagnosis: ______________________________________ 
Have you ever been diagnosed with a hearing impairment?  Yes  □          No  □ 
 If yes, please indicate the diagnosis: ______________________________________ 
Have you ever been diagnosed with a neurological impairment?  Yes  □          No  □ 
 If yes, please indicate the diagnosis: ______________________________________ 
Section 4: PD Diagnosis Date, Treatment Information, and Speech Volume Self-Report 
PD Diagnosis Date: ___________ Type of medication: Sinemet  □ Other  □: __________ 
Current Time: ___:___AM/PM Last dose: ___:___AM/PM Next dose: ___:___AM/PM 
Have you ever received voice therapy?     Yes  □          No  □ 
 If yes, please indicate the type(s) of therapy and treatment start and end dates: 
____________________________________________________________________________ 
Have you ever used a speech amplification device?   Yes  □          No  □ 
 If yes, please indicate the device type(s), overall timeframe of use, and daily use pattern: 
____________________________________________________________________________ 
What is your typical speech volume (without using a speech amplification device)?  
                Very quiet                                                                                                Very loud 
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Communicative Effectiveness Survey - Modified 
Unique ID:  ___________________ 
Please rate how effectively the speaker communicates in these situations.  Read the 
item describing each situation and decide how successful the speaker communicates.   
If you think that communication is very effective, circle the 4.  If communication doesn’t 
occur at all, circle the 1.  Feel free to use any number on the scale. 
 
1. Having a conversation with a family member or friends at home.  
       Not at all effective                Very effective 
1 2 3 4 
 
2. Participating in conversation with strangers in a quiet place.  
       Not at all effective                Very effective 
1 2 3 4 
 
3. Conversing with a familiar person over the telephone.  
       Not at all effective                Very effective 
1 2 3 4 
 
4. Conversing with a stranger over the telephone.  
       Not at all effective                Very effective 
1 2 3 4 
 
5. Being part of a conversation in a noisy environment (social gathering).  
       Not at all effective                Very effective 
1 2 3 4 
 
6. Speaking to a friend when you are emotionally upset or you are angry.  
       Not at all effective                Very effective 
1 2 3 4 
 
7. Having a conversation while traveling in a car.  
       Not at all effective                Very effective 
1 2 3 4 
 
8. Having a conversation with someone at a distance (across a room).  
       Not at all effective                Very effective 
1 2 3 4 
 
9. Having a long conversation with someone (over an hour).  
       Not at all effective                Very effective 
1 2 3 4 
 
Note. Modified from "The communicative effectiveness survey: Investigating its item-
level psychometric properties," by N. J. Donovan, C. A. Velozo, and J. C. Rosenbek, 
2007, Journal of Medical Speech-Language Pathology, 15, p. 447.  
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Appendix J. The Levels of Speech Usage: A Self-Report Scale 
 	    
The Levels of Speech Usage: A Self-Report Scale 
 
Unique ID: ____________  
While communication is important to everyone, different people use their speech in different 
ways. Think of how you have typically used your speech over the past year. Choose the 
category below that best describes you. 
 
_____ Undemanding: 
 Quiet for long periods of time almost every day 
 Almost never: 
• Talk for long periods 
• Raise your voice above a conversational level 
• Participate in group discussions, give a speech or other presentation 
 
_____ Intermittent: 
 Quiet for long periods of time on many days 
 Most talking is typical conversational speech 
 Occasionally: 
• Talk for longer periods 
• Raise voice above a conversational level 
• Participate in group discussions, give a speech or other presentation 
 
_____ Routine: 
 Frequent periods of talking on most days 
 Most talking is typical conversational speech 
Occasionally: 
• Talk for longer periods 
• Raise voice above a conversational level 
• Participate in group discussions, give a speech or other presentation 
 
_____ Extensive: 
 Speech usage consistently goes beyond everyday conversational speech 
Regularly: 
• Talk for long periods 
• Talk in a loud voice 
• Participate in group discussions, give presentations or performances 
Although the demands on your speech are often high, you are able to continue  
with most work or social activities even if your speech is not perfect 
 
_____ Extraordinary: 
 Very high speech demands 
Regularly: 
• Talk for long periods of time 
• Talk with loud or expressive speech or 
• Give presentations or performances 
The success of your work of personal goals depends almost entirely on the  
quality of your speech and voice 
 
 !
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Appendix K. Voice Activity and Participation Profile – Modified 
 	    
 
Note. Modified from “Voice Activity and Participation Profile: Assessing the Impact of Voice 
Disorders on Daily Activities,” by Ma, E., & Yiu, E., 2001, Journal of Speech, Language, and Hearing Research, 
44, 511-524. 
Voice Activity and Participation Profile - Modified 
 
Unique ID: _______________ 
Please answer the following questions by putting a cross (“X”) on the line where it best represents 
your answer.  A cross towards the left side means you are never affected while a cross towards the 
right side means you are always affected.  
 
Self-perceived severity of speech problem 
 
1. How severe is your speech problem now? 
  Normal                                    Severe 
 
Effect on daily communication 
 
6. Do people ask you to repeat what you have just said because of your speech problem? 
    Never             Always 
 
10. Does your speech problem affect your communication in quiet environments? 
    Never             Always 
 
12. Does your speech problem affect your communication in noisy environments? 
    Never               Always 
 
13. In the last 6 months, have you ever avoided having conversations in noisy environments 
because of your speech problem? 
    Never             Always 
 
Effect on social communication 
 
18. Does your speech problem affect you in social activities? 
    Never              Always 
 
Effect on your emotion 
 
22. Do you feel upset about your speech problem? 
    Never             Always 
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User Expectation Questionnaire 
Unique ID: ______________ 
Listed below are statements about speech amplification devices. Please indicate the 
extent to which you agree with each statement by placing a cross (“X”) on the line where 
it best represents your answer.  
A cross towards the left side indicates complete disagreement with the statement, while 
a cross towards the right side indicates complete agreement with the statement. 
 
How much do you agree with each statement? 
 
1. A speech amplification device will be comfortable.  
           Disagree           Agree 
 
2. A speech amplification device will have an acceptable appearance.  
           Disagree            Agree 
 
3. A speech amplification device will have a natural sound.  
           Disagree           Agree 
 
4. A speech amplification device will reduce the number of times people ask me 
to repeat myself. 
           Disagree           Agree 
 
5. Using a speech amplification device will make people understand my speech. 
           Disagree           Agree 
 
6. Using a speech amplification device will make it easier to speak. 
           Disagree           Agree 
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User Experience Questionnaire 
Unique ID: ______________  Device: _____________________       Order: __ 
Please evaluate your experience with each speech amplification device. Please indicate your 
answers to the following questions by placing a cross (“X”) on the line where it best represents 
your answer. 
A cross towards the left side indicates a poorer rating of the speech amplification device, while 
a cross towards the right side indicates a better rating of the device. 
 
 
1. Physical Comfort:  How comfortable is this device to wear? 
 
      Uncomfortable                 Comfortable 
 
2. Visual Presentation:  How acceptable is this device to wear in public? 
 
       Unacceptable                Acceptable 
 
3. Sound Quality:  What is the sound quality of the speech output from the device? 
 
Poor sound quality                Good sound quality 
 
4. Amplification Power:  How well does the output from the device overcome the background 
noise? 
 
 Poor amplification               Good amplification 
 
5. Overall Preference:  Overall, is this a device that you would prefer to use? 
 
     Low preference               High preference 
   (prefer not to use)              (prefer to use) 
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LID: ___________ SID: ___________ LQA 
Page 1 of 2!
Listener Questionnaire A - Intelligibility 
Please evaluate your perception of the speech sample played in the audio recording, and place 
a vertical line (“ | ”) on the horizontal line where it best represents your answer.  
 
Intelligibility: Can you identify the spoken words?  
 
Completely Intelligible: You can identify all (i.e., 100%) of the spoken words.  
Unintelligible: You cannot identify any of the spoken words (i.e., 0% of the spoken words are 
identifiable). 
 
1. a) Unintelligible                Completely Intelligible 
 (0%)          (100%) 
 
    b) Unintelligible               Completely Intelligible 
 (0%)          (100%) 
 
    c) Unintelligible               Completely Intelligible 
 (0%)          (100%) 
 
    d) Unintelligible               Completely Intelligible 
 (0%)          (100%)   
    e) Unintelligible               Completely Intelligible 
 (0%)          (100%) 
 
    f) Unintelligible               Completely Intelligible 
 (0%)          (100%) 
 
    g) Unintelligible               Completely Intelligible 
 (0%)          (100%) 
 
    h) Unintelligible               Completely Intelligible 
 (0%)          (100%) 
 
 
2. a) Unintelligible               Completely Intelligible 
 (0%)          (100%) 
 
    b) Unintelligible               Completely Intelligible 
 (0%)          (100%) 
 
    c) Unintelligible               Completely Intelligible 
 (0%)          (100%) 
 
    d) Unintelligible               Completely Intelligible 
 (0%)          (100%) 
 
    e) Unintelligible               Completely Intelligible 
 (0%)          (100%) 
 
    f) Unintelligible               Completely Intelligible 
 (0%)          (100%) 
 
    g) Unintelligible               Completely Intelligible 
 (0%)          (100%) 
 
    h) Unintelligible               Completely Intelligible 
 (0%)          (100%) 
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LID: ___________ SID: ___________ LQB 
Page 1 of 2!
Listener Questionnaire B – Sound Quality 
Please evaluate your perception of the electronic quality of the speech signal played in the audio 
recording rather than the speaker’s voice quality, and indicate your answers to the following 
question by placing a vertical line (“ | ”) on the horizontal line where it best represents your 
answer.  
 
Sound Quality: Was the sound quality of the audio signal low or high?  
 
1. a) Low quality               High quality 
    b) Low quality               High quality 
    c) Low quality               High quality 
    d) Low quality               High quality 
    e) Low quality               High quality 
    f) Low quality               High quality 
    g) Low quality               High quality 
    h) Low quality               High quality 
 
2. a) Low quality               High quality 
    b) Low quality               High quality 
    c) Low quality               High quality 
    d) Low quality               High quality 
    e) Low quality               High quality 
    f) Low quality               High quality 
    g) Low quality               High quality 
    h) Low quality               High quality 
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Appendix P. Paired T-Test from the Speech Intensity Self-Report 
 
Index for T-Test: 
Current = current speech intensity rating from the PD participant group 
Past = speech intensity rating from the PD group prior to PD onset 	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Appendix Q. Independent T-Test from the Speech Intensity Self-Report 
 
Index for T-Test: 
1 = current speech intensity rating from the control group 
2 = current speech intensity rating from the PD participant group 	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Appendix R. Independent T-Test from the Speech Intensity Self-Report 	  
Index for T-Test: 
1 = current speech intensity rating from the control group 
2 = speech intensity rating from the PD participant group prior to PD onset 
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Appendix S. 2-way ANOVA for Comfort Experience 
 
Index for 2-way ANOVA: Comfort Experience: 
*code 1 = control participants, code 2 = PD participants, device 1 = ADDvox, 
device 2 = BoomVox, device 3 = ChatterVox, device 4 = Oticon, device 5 = 
SoniVox, device 6 = Spokeman, device 7 = Voicette 
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Appendix T. Paired T-Tests for PD Comfort Experience 
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Appendix U. 2-way ANOVA for Visual Presentation Experience 	  
Index for 2-way ANOVA: Visual Presentation Experience: 
*code 1 = control participants, code 2 = PD participants, device 1 = ADDvox, 
device 2 = BoomVox, device 3 = ChatterVox, device 4 = Oticon, device 5 = 
SoniVox, device 6 = Spokeman, device 7 = Voicette 	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Appendix V. Paired T-Tests for PD Visual Presentation Experience 
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Appendix W. 2-way ANOVA for Sound Quality Experience 
Index for 2-way ANOVA: Sound Quality Experience: 
*code 1 = control participants, code 2 = PD participants, device 1 = ADDvox, 
device 2 = BoomVox, device 3 = ChatterVox, device 4 = Oticon, device 5 = 
SoniVox, device 6 = Spokeman, device 7 = Voicette 	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Appendix X. Paired T-Tests for PD Sound Quality Experience 
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Appendix Y. 2-way ANOVA for Amplification Power Experience 
Index for 2-way ANOVA: Amplification Power Experience: 
*code 1 = control participants, code 2 = PD participants, device 1 = ADDvox, 
device 2 = BoomVox, device 3 = ChatterVox, device 4 = Oticon, device 5 = 
SoniVox, device 6 = Spokeman, device 7 = Voicette 
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Appendix Z. Paired T-Tests for PD Amplification Power Experience 
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Appendix AA. 2-way ANOVA for Overall Preference Experience 
Index for 2-way ANOVA: Overall Preference Experience: 
*code 1 = control participants, code 2 = PD participants, device 1 = ADDvox, 
device 2 = BoomVox, device 3 = ChatterVox, device 4 = Oticon, device 5 = 
SoniVox, device 6 = Spokeman, device 7 = Voicette 
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Appendix AB. Paired T-Tests for PD Overall Preference Experience 
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Appendix AC. 4-way ANOVA for Speech Intensity 
Index for 4-way ANOVA:  
*code 1 = control participants, code 2 = PD participants, task 1 = SIT, task 2 = 
conversation task, noise 1 = no noise, noise 2 = multi-talker noise, device 1 = 
ADDvox, device 2 = BoomVox, device 3 = ChatterVox, device 4 = no device, 
device 5 = Oticon, device 6 = SoniVox, device 7 = Spokeman, device 8 = 
Voicette  
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Appendix AD. Paired T-Tests for Speech Intensity 
Index for paired t-tests for speech intensity:  
Addc0 = ADDvox during conversation in multi-talker noise, boomc6 = BoomVox 
during conversation in multi-talker noise, chatterc6 = ChatterVox during 
conversation in multi-talker noise, noampc6 = the no device condition during 
conversation in multi-talker noise, oticc6 = Oticon during conversation in multi-
talker noise, sonic6 = SoniVox during conversation in multi-talker noise, spokec6 
= Spokeman during conversation in multi-talker noise, voicc6 = Voicette during 
conversation in multi-talker noise 
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Appendix AE. 4-way ANOVA for SNR 	  
Index for 4-way ANOVA:  
*code 1 = control participants, code 2 = PD participants, task 1 = SIT, task 2 = 
conversation task, noise 1 = no noise, noise 2 = multi-talker noise, device 1 = 
ADDvox, device 2 = BoomVox, device 3 = ChatterVox, device 4 = no device, 
device 5 = Oticon, device 6 = SoniVox, device 7 = Spokeman, device 8 = 
Voicette  
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Appendix AF. Paired T-Tests for SNR 
Index for paired t-tests for SNR:  
Addc0 = ADDvox during conversation in multi-talker noise, boomc6 = BoomVox 
during conversation in multi-talker noise, chatterc6 = ChatterVox during 
conversation in multi-talker noise, noampc6 = the no device condition during 
conversation in multi-talker noise, oticc6 = Oticon during conversation in multi-
talker noise, sonic6 = SoniVox during conversation in multi-talker noise, spokec6 
= Spokeman during conversation in multi-talker noise, voicc6 = Voicette during 
conversation in multi-talker noise 
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Appendix AG. 4-way ANOVA for Intelligibility by VAS 
Index for 4-way ANOVA:  
*code 1 = control participants, code 2 = PD participants, task 1 = SIT, task 2 = 
conversation task, noise 1 = no noise, noise 2 = multi-talker noise, device 1 = 
ADDvox, device 2 = BoomVox, device 3 = ChatterVox, device 4 = no device, 
device 5 = Oticon, device 6 = SoniVox, device 7 = Spokeman, device 8 = 
Voicette  
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Appendix AH. Paired T-Tests for VAS Intelligibility  
 
Index for paired t-tests for VAS intelligibility:  
Addc0 = ADDvox during conversation in multi-talker noise, boomc6 = BoomVox 
during conversation in multi-talker noise, chatterc6 = ChatterVox during 
conversation in multi-talker noise, noampc6 = the no device condition during 
conversation in multi-talker noise, oticc6 = Oticon during conversation in multi-
talker noise, sonic6 = SoniVox during conversation in multi-talker noise, spokec6 
= Spokeman during conversation in multi-talker noise, voicc6 = Voicette during 
conversation in multi-talker noise 
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Appendix AI. 4-way ANOVA for Intelligibility by Transcription 
 
 Index for 4-way ANOVA:  
*code 1 = control participants, code 2 = PD participants, task 1 = SIT, task 2 = 
conversation task, noise 1 = no noise, noise 2 = multi-talker noise, device 1 = 
ADDvox, device 2 = BoomVox, device 3 = ChatterVox, device 4 = no device, 
device 5 = Oticon, device 6 = SoniVox, device 7 = Spokeman, device 8 = 
Voicette  
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Appendix AJ. Paired T-Tests for Intelligibility by Transcription 
 
Index for paired t-tests for intelligibility by transcription:  
Addc0 = ADDvox during conversation in multi-talker noise, boomc6 = BoomVox 
during conversation in multi-talker noise, chatterc6 = ChatterVox during 
conversation in multi-talker noise, noampc6 = the no device condition during 
conversation in multi-talker noise, oticc6 = Oticon during conversation in multi-
talker noise, sonic6 = SoniVox during conversation in multi-talker noise, spokec6 
= Spokeman during conversation in multi-talker noise, voicc6 = Voicette during 
conversation in multi-talker noise 
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Appendix AK. 4-way ANOVA for Sound Quality 
 
Index for 4-way ANOVA:  
*code 1 = control participants, code 2 = PD participants, task 1 = SIT, task 2 = 
conversation task, noise 1 = no noise, noise 2 = multi-talker noise, device 1 = 
ADDvox, device 2 = BoomVox, device 3 = ChatterVox, device 4 = no device, 
device 5 = Oticon, device 6 = SoniVox, device 7 = Spokeman, device 8 = 
Voicette  
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Appendix AL. Paired T-Tests for Sound Quality 
 
Index for paired t-tests for sound quality:  
Addc0 = ADDvox during conversation in multi-talker noise, boomc6 = BoomVox 
during conversation in multi-talker noise, chatterc6 = ChatterVox during 
conversation in multi-talker noise, noampc6 = the no device condition during 
conversation in multi-talker noise, oticc6 = Oticon during conversation in multi-
talker noise, sonic6 = SoniVox during conversation in multi-talker noise, spokec6 
= Spokeman during conversation in multi-talker noise, voicc6 = Voicette during 
conversation in multi-talker noise 
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Appendix AM. Reliability for Speech Intensity 
 
Intra-rater reliability for speech intensity: 
 
 
Inter-rater reliability for speech intensity: 
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Appendix AN. Reliability for SNR 
 
Intra-rater reliability for SNR: 
 
 
Inter-rater reliability for SNR: 
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Appendix AO. Reliability for Intelligibility by VAS 
 
Intra-rater reliability for intelligibility by VAS: 
L1 
 
 
 
L2  
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Inter-rater reliability for intelligibility by VAS: 
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Appendix AP. Reliability for Intelligibility by Transcription 
 
Intra-rater reliability for intelligibility by transcription:  
 
 
Inter-rater reliability for intelligibility by transcription: 
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Appendix AQ. Reliability for Sound Quality 
 
Intra-rater reliability for sound quality:  
L1 
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Inter-rater reliability for sound quality:  
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